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Preface 
The recent requests in the ILCA Newsletter and the ILCA Bulletin for contributions from 
scientists working in Africa are already having an encouraging impact: we have received articles 
from several African countries. 
Not only has the network of our outside contributors been gradually expanding, but there is also 
a perceptible change in both the scope and focus of the Bulletin. In this issue, small ruminant 
production and animal nutrition—topics of particular concern to ILCA over the next 5 to 10 
years—are discussed at length. 
In humid West Africa, sheep and goat production is limited by peste des petits 
ruminants (PPR), especially in goats. Control of PPR can increase the production potential of 
small ruminants, but the full realisation of this potential may eventually be constrained by limited 
feed resources. Alley farming, under which crop and livestock production are integrated, can 
sustain increased flock growth by producing high-quality feed year round. The economic 
analysis of alley farming shows that with PPR control, and increases of 20 to 30% in net dam 
output from 25 % supplementation feeding, small ruminant production can be competitive with 
maize production. 
Livestock production planning in Africa must be based on empirically sound research if 
development efforts are to be successful (ILCA Bulletin 26, p. 29). Barbara Grandin points out 
the negative side of development planning–more often than not it has been based on incorrect 
assumptions about the behaviour and goals of traditional livestock herders. Pastoralists have 
been accused of being irrational, yet experience over the past 20 years in East Africa shows 
that they are anything but that. Keeping large numbers of animals is a means of survival, and 
rangeland degradation may be due more to increased human population than to overstocking. 
There is no doubt that pastoral production needs to be intensified to support the increasing 
human population, but Western models of range management and top-down decisions for 
pastoralists are not the right answers to the problem. 
In the tropics, goats are kept under various ecological conditions and production systems with 
different objectives. Although they are managed in many rational ways, there is scope to 
increase their productivity through better management and controlled breeding. This calls for a 
systematic evaluation of goat performance, which can be done using breed documentation or 
simultaneous breed evaluation. These methods are described by Kurt Peters on pages 14–21. 
And from small ruminants we once again turn our attention to animal feeding. Because of 
limited information on the nutritive value of locally available feedstuffs, feed formulation in Africa 
is often based on estimates or the values of similar feeds produced overseas. To help improve 
the efficiency of feed resource use in Tanzania, researchers have evaluated the chemical and 
nutritive characteristics of five plant protein sources– kapok, sunflower and cowpea seeds and 
untoasted red beans – and cottonseed expeller cakes from six commercial oil mills. The 
experiments demonstrated considerable differences in the content, digestibility and quality of 
crude protein, which may be due to plant variety, geographical source, weather and processing 
conditions. 
The style guide for authors at the end of this issue is intended to help those of you planning to 
join the increasing number of scientists reporting their results in the ILCA Bulletin. Do not 
hesitate to write to us if you need more information on how to present your paper. The more we 
know about our combined efforts to increase livestock production in Africa, the better our 
chances to succeed. 
Inca Alipui 
Editor, ILCA Bulletin 
Publications Division 
ILCA, P.O. Box 5689 
Addis Ababa, 
Ethiopia 
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Summary 
UNDER ALLEY cropping leguminous trees or shrubs are grown between alleys of field crops. In 
some areas it can replace fallow for soil fertility restoration. Alley farming allows the choice 
between leaving the tree foliage on the soil as mulch, or of feeding it to animals. Economic 
models of alley farming, alley cropping and fallow use experimental and field data from 
southwest Nigeria. Principal conclusions are that alley cropping is superior to fallow systems, 
that alley farming in which leaves are fed to sheep or goats is inferior to basic alley cropping, 
and that sheep or goat supplementation with leucaena or gliricidia needs to achieve a 30 to 40% 
increase in net productivity per dam to be competitive with leaving foliage for maize production. 
Introduction 
Alley cropping is an agricultural innovation in which crops are grown between rows of densely 
planted trees. This technique, also known as 'hedgerow intercropping' and 'avenue cropping', is 
of interest to restore soil fertility in areas where land pressure makes fallow systems 
increasingly unworkable. The nitrogen- and mineral-rich tree foliage is pruned during the 
cropping season and applied to the soil as mulch. The trees in an alley farm recycle nutrients 
from the lower soil profile and produce significant quantities of organic matter, thus playing the 
same role as the trees, bush and grasses in fallow systems. 
The major difference between alley cropping and bush fallow is that soil fertility restoration is 
concurrent with cropping, thus allowing continuous cultivation. In southwest Nigeria where 
fallowing is usually practiced, alley cropping based on the leguminous tree Leucaena 
leucocephala has sustained moderate crop yields over 7 years on a sandy soil with low fertilizer 
inputs (Kang et al, 1981; Kang et al, 1985). 
There have been several evaluations of the economics of alley cropping (Raintree and Turay, 
1980; Hoekstra, 1982; Verinumbe et al, 1984). None of these analyses have considered 
livestock. While alley cropping was conceived primarily for crop production, it offers 
considerable potential for integrating crop and livestock production by supplying mulch for crops 
and high-quality fodder for animals. 
In humid West Africa, sheep and goat production is generally a minor enterprise using few 
inputs. Production is limited by a viral disease, peste des petits ruminants (PPR); control of 
PPR, especially in goats, can significantly reduce mortality and increase flock growth (Opasina, 
1984; Adeoye, 1984; Sumberg and Cassaday, 1985). However, realisation of the potential of 
small ruminants, following PPR control, may eventually be constrained by feed resources. Alley 
farming, which is the addition of animals to an alley cropping system, offers the opportunity to 
realise this potential by producing high-quality feed year round. It would do so without the major 
new investments sometimes required by specialised fodder production, and without reducing 
staple crop production. 
In this paper, we evaluate alley farming models with small ruminants, based on held and 
experimental data from southwest Nigeria, and compare them with basic alley cropping and with 
fallow systems. The analysis is then used to define key management areas within alley farming, 
as well as areas where further information is needed. 
Review of previous work 
Previous agronomic work 
There has been considerable work on alley cropping for humid areas at the International 
Institute of Tropical Agriculture (IITA) in Ibadan, Nigeria (IITA, 1978–84; Kang et al, 1981; Kang 
et al, 1985). This work has focused on soil fertility, alley width, tree pruning, tree species, weed 
control, mulch decomposition, water relations and labour use. The results, confirmed in other 
parts of the tropics (Rachie, 1983; Narkhede et al, 1984), generally indicate that the trees can 
produce sufficient foliage to maintain, and even to increase, crop yields over conventional plots. 
Alley widths of 1.5 to 5.0 m have been used experimentally. While narrower alleys of crops 
permit higher tree populations and increased foliage, they also demand more pruning labour, 
are more likely to shade the crop, and, at some point, must reduce crop density. 
Torres (1982) studied the relationship between alley width and crop density. Assuming a maize 
density of 53 000 plants/ha and the substitution of 1 row of maize by each row of trees, he found 
a plot with 4.5-m alleys had only 84% of the maize population of a farming plot without trees. 
Similar assumptions of reduced maize populations were made in the economic analyses of 
Hoekstra (1982) and Verinumbe et al (1984). 
Previous economic work 
Raintree and Turay (1980) and Verinumbe et al (1984) used linear programming models to 
evaluate alley farming. The former evaluated trees as a nitrogen source for rice production in 
Sierra Leone. The latter compared alley cropping with five alternate 'zero-tillage' farming 
systems in southern Nigeria. Both studies concluded that alley farming could be economically 
attractive. Hoekstra (1982) showed that alley farming could be superior to the traditional system 
in semi-arid Kenya. Using experimental data, Ngambeki and Wilson (undated) concluded that in 
spite of a 52% increase in labour use per hectare, the increased maize yield from the alley plots 
made the system economically attractive. 
Justification and structure of models 
The models are based on experimental and on-farm research of the International Livestock 
Centre for Africa (ILCA) and IITA. They represent conditions in humid West Africa (1500 to 2000 
mm annual rainfall with a 6- to 8-month growing season). Parameters for crop and tree 
production are from IITA Annual Reports (IITA, 1978–1984), Kang et al (1981) and ILCA 
(unpublished data). Animal production parameters are from ILCA's village studies in southwest 
Nigeria (Mack, 1983; Sumberg and Mack, 1985; Upton, 1985). Daily wages are valued at the 
minimum wage in Nigeria, maize is valued at the estimated producer price for southern Nigeria, 
and small ruminant prices are taken from ILCA's market surveys near Ibadan (Okali and Upton, 
1985). The exchange rate is  4 per US$ 1. 
The basic fallow model 
The fallow model (Table 1) is of a 1-ha plot, cleared and planted to maize for 3 years before it is 
fallowed. The maize yield is 1000 kg/ha in year 1. This yield declines by 10% in year 2 and by 
10% again in year 3 because soil fertility declines. One crop of maize is grown per year without 
chemical fertilizer. 
Table 1. Assumptions used in four different models. 
BASIC ASSUMPTIONS 
Base maize yield (kg/ha) 1000 
Number of crops/year 1 
Price of maize (US$/t) 125 
Wage of labour (US$/man-day) 1.63 
Discount rate for future values (annual %) 10 
MODEL-SPECIFIC ASSUMPTIONS 
Incremental labour (average man-days/year) Fallow 
Alley 
cropping 
Alley farming 
Goats Sheep 
Clearing labour 11 0 0 0 
Pruning labour 0 18 18 18 
Trees 
Foliage output (kg DM/ha/year) 0 3000 3000 3000 
Marginal physical product of mulch-N (kg maize/kg mulch-N) 
surface mulch n.a.1 5 5 5 
incorporated mulch n. a. 10 10 10 
Breeding animals 
Goats (17 kg LW2) 0 0 1 0 
Sheep (25 kg LW) 0 0 0 1 
Price of goats (US$/kg LW)     0.61   
Price of sheep (US$/kg LW)       0.68 
Total DM intake as % of LW n. a. n.a. 5 5 
% of total DM intake from fodder trees 0 0 25 25 
Net output (US$/dam/year)  
Goats n.a. n.a. 4.62 n.a. 
Goats with PPR control n.a. n.a. 7.31 n.a. 
Sheep n.a. n.a. n.a. 10.9 
1 n. a. = not applicable. 
2 LW = liveweight. 
The annual gross value of maize production is calculated over 9 years (three fallow cycles) by 
multiplying the annual maize yield by the maize price. The incremental cost of producing maize 
in a fallow system, relative to that in alley cropping is the labour cost of clearing land. Because 
clearing costs are incurred in year 1 in both the fallow and in the alley cropping system, they are 
not counted in that year. In the basic fallow model clearing costs are counted in years 4 and 7, 
that is in the years when a new plot is brought under cultivation. Clearing costs are adapted 
from Ruthenberg (1976), and are valued at the labour wage and subtracted from the annual 
gross value of maize production to obtain an annual net value. 
The basic alley cropping model without animals 
The alley cropping model allows planting leguminous trees to maintain soil fertility with 
continuous cropping. In the first year, alternate rows of the leguminous trees Leucaena 
leucocephala andGliricidia sepium are direct seeded at 4-m intervals1 within a recently cleared, 
newly planted 1-ha maize field. Maize is planted at 1 m x 1 m with 3 plants/hill, for a density of 
30 000 plants/ha. This is the traditional planting arrangement and density in the area. Trees are 
seeded every 25 cm within the rows to give a tree density of 10 000 trees/ha. During the 
establishment year, tree rows are weeded when the crop is weeded; in most cases, the trees 
are not pruned during the first 12 months and do not affect crop yield. During subsequent years, 
the trees are pruned at 0.5 m above the ground at maize planting time, and once or twice during 
the cropping season. 
1The experimental and on-farm research upon which the present economic analysis is 
based used only 4-m alleys. Under conditions in humid West Africa, this alley was 
considered appropriate for the following reasons: less pruning labour, greater ease of 
tree pruning and cropping activities, less crop shading and, consequently, more flexible 
tree management, ability to maintain traditional crop populations, and ability to utilise 
tractors (which is common in parts of Nigeria). Under experimental conditions foliage 
yields as high as 6000 kg/ha/year have been obtained. 
As in the fallow model, the base maize yield is 1000 kg/ha. The trees produce no usable foliage 
in the first year of the model; beginning in the second year, they produce 3000 kg/ha of foliage 
dry matter annually. At a nitrogen content of 3.5%, this foliage contains 105 kg N/ha/year. 
If foliage is applied to the soil surface, its marginal physical product (MPP) is 5 kg of maize per 
kg of mulch-N, and its marginal value product (MVP) is US$ 0.63. If it is incorporated into the 
soil, its MPP is 10 kg of maize and its MVP is US$ 1.25. Therefore, at a base maize yield of 
1000 kg/ha, an annual yield decline of 10%, and with surface application, 20 kg of mulch-N are 
needed to maintain maize yields at the base level. In this model, all available tree foliage is 
returned to the soil. After sufficient foliage is returned to maintain maize yields at the base level, 
the remaining foliage increases crop yield above the base. 
The incremental labour cost of alley cropping is for tree pruning, and is estimated at 18 man-
days/ha/year. Because the first tree foliage is available in year 2, labour for pruning begins in 
that year. It is assumed that the trees do not affect labour for weeding or land preparation (Atta-
Krah, 1985). It is recognised that there will be incremental labour costs in harvesting the 
increased maize yield, but these are not modelled. 
The alley farming model with goats 
This model is identical to the basic alley cropping model except that after sufficient tree foliage 
has been applied to the soil to maintain base maize yields, the farmer can choose between 
returning the remaining foliage to the soil, or feeding it to 17-kg breeding does. Daily feed intake 
is equal to 5% of the animal's liveweight. Tree foliage intake is set equal to 25% or 50% (the 
'supplementation rate') of the total daily intake. A 17-kg doe supplemented at 25% would, 
therefore, eat 213 g of tree fodder per day. 
The effect of the tree fodder on animal productivity is expressed as a percentage of the animal's 
net monetary output (Upton, 1985). Because this percentage is uncertain, a range from 10 to 
40% is modelled. At a 10% productivity increase, the MVP of tree foliage-N fed to goats is 
US$0.17. The annual value of the increased goat output is added to the value of maize 
production to arrive at the total annual value of alley farming. The labour costs of maintaining 
the trees are then subtracted from the total annual value, as in the fallow model, to calculate the 
net annual profits of the system. No additional labour for feeding or for animal care is 
considered. 
The alley farming model with sheep 
This fourth model is identical to the third, except that 25-kg breeding ewes are modelled. 
Because the body weight and market price of sheep are higher than those of goats, there may 
be substantial differences in results between these two models. At a 10% productivity increase, 
the MVP of tree foliage-N fed to sheep is US$ 0.27. 
Model results 
The models are used to answer six questions: 
 What is the profitability of alley cropping without animals compared to that of fallow? 
 What is the effect of changing the mulching method on the profitability of an alley 
cropping system? 
 What is the profitability of an alley farming system with goats or with sheep compared to 
alley cropping without animals? 
 What are the effects of changing supplementation rates on relative profitabilities of alley 
farming systems with animals? 
 What increases in animal output are necessary to make alley farming competitive with 
alley cropping? 
 What is the effect of PPR control in goats on the competitiveness of alley farming? 
Alley cropping or fallow? 
The alley cropping model with surface mulching is compared with the fallow model at three base 
maize yields and five levels of annual maize yield decline (Table 2). The net present value 
(NPV) of alley cropping is 14 to 59% greater than that of the fallow model. Alley cropping is 
relatively more profitable at lower base yields and with greater annual yield declines. This trend 
is similar to that described by Torres (1982). In the present analysis, however, alley farming is 
profitable at base yields much higher than the 500 kg/ha estimated by Torres. 
Table 2. Ratios of NPV in alley cropping with surface mulching to fallow NPV over ranges of 
base maize yields and annual yield declines without amendments. 
Annual maize yield 
decline (%) without 
amendment 
Base maize yield (kg/ha) 
1000 2000 3000 
  ————NPV ratio ———— 
5 1.47 1.22 1.14 
10 1.50 1.23 1.15 
15 1.53 1.25 1.16 
20 1.56 1.26 1.17 
25 1.59 1.27 1.18 
Results from alley cropping with mulch incorporation show that incorporation substantially 
increases alley farming profitability (Table 3). Even if the incremental labour of alley farming is 
increased by 50% to account for mulch incorporation and labour is decreased by 100% in 
fallow, alley cropping with mulch incorporation is still 65% more profitable than the basic fallow 
model. 
Table 3. Ratios of NPV in alley cropping with mulch incorporation to fallow NPV over ranges of 
labour increases in alley cropping and labour decreases in fallow cropping 1. 
Labour 
decrease 
(%) 
 Labour increase (%)  
25 50 100 
  ——NPV ratio— 
100 1.71 1.65 1.55 
75 1.77 1.72 1.61 
50 1.85 1.79 1.67 
25 1.92 1.86 1.74 
1All comparisons made with base maize yield of 1000 kg/ha. 
Alley cropping or alley farming? 
Alley farming with goats or sheep is compared with the basic alley cropping model (Tables 4 
and 5). In the absence of PPR control and over a range of livestock and maize prices, the NPV 
of alley farming with goats or sheep is 80 to 96% and 87 to 111% respectively of the NPV of 
alley cropping without livestock. This comparison is slightly more sensitive to changes in 
livestock prices than to changes in maize prices. Sheep contribute more to alley farming than do 
goats, largely due to higher goat mortality caused by PPR, and to higher prices per kg 
liveweight. 
Table 4. Ratios of NPV in alley farming with goats to NPV in basic alley cropping. 
Maize price (US$/t)   
Goat price (US$/kg LW) 
0.49 0.55 0.61 0.67 0.73 
———–———NPV ratio——————— 
100 0.83 0.87 0.90 0.93 0.96 
113 0.82 0.85 0.88 0.90 0.93 
125 0.81 0.84 0.86 0.88 0.91 
138 0.80 0.82 0.85 0.87 0.89 
150 0.80 0.82 0.84 0.86 0.88 
Table 5. Ratios of NPV in alley fanning with sheep to NPV in basic alley cropping. 
Maize price 
(US$/t)   
Sheep price (US$/kg LW) 
0.54 0.61 0.68 0.75 0.82 
———–———NPV ratio ———–——— 
100 0.94 0.99 1.03 1.07. 1.11 
113 0.92 0.95 0.99 1.03 1.06 
125 0.90 0.93 0.96 0.99 1.02 
138 0.88 0.91 0.94 0.97 0.99 
150 0.87 0.89 0.92 0.94 0.97 
The effects of supplementary feeding of leucaena and gliricidia on animal productivity under 
village conditions are not well documented. Therefore, the NPVs of alley farming are compared 
to those of alley cropping over a range of increases in net output due to feeding (Table 6). With 
50% supplementary feeding, increases in net output of 40% per dam are needed to make alley 
farming competitive with alley cropping. At the 25% supplementation rate, which allows for the 
feeding of twice as many animals, increases in net output of 36.8% for goats and of 23% for 
sheep make feeding competitive with maize production. After control of PPR, the necessary 
increase in net goat output is reduced to 23%. 
Table 6. Ratios of NPV in alley farming with small ruminants to NPV in alley cropping as 
affected by feeding and PPR control. 
  Increases (%) in net goat output due to 
Increases (%) in net sheep 
output due to feeding alone  
Feeding alone 
PPR control 
with 
feeding1 
10 20 30 40 20 10 20 30 40 
Supplementation 
Rate (%)2 
———–NPV ratio———– ———NPV ratio——— 
25 0.78 0.86 0.94 1.03 0.96 0.83 0.96 1.09 1.23 
50 0.73 0.78 0.82 0.86 0.82 0.76 0.83 0.89 0.96 
1 At 20% increase in net goat output due to feeding. 
2 % total intake contributed by leucaena leaves. 
Conclusions 
These models indicate that under conditions found in southwest Nigeria maize production with 
alley cropping is more profitable than with a 3-year fallow system. Alley cropping is less 
profitable with higher base maize yields. While alley cropping requires more labour than the 
fallow system, this is more than offset by the increased maize yields, and relative profitability of 
alley cropping is insensitive to changes in labour requirements. 
The amount of tree foliage and the method of mulching affect alley cropping profitability. The 
models assume a low tree foliage yield of 3000 kg/ha/year based on difficulties of obtaining 
good tree stands in village conditions. Low foliage yields reflect farmers' hesitancy to plant 
densely to obtain high populations. Better methods of tree establishment (or better instructional 
methods) that assure good stands would therefore add to the overall attractiveness of alley 
cropping. Mulch incorporation, particularly if done at tillage or weeding times and thus not 
requiring additional labour, can increase the profitability of alley cropping. 
With PPR control, particularly for goats, increases in net output of 20 to 30% per dam from 25% 
supplementary feeding are needed to make small ruminant feeding competitive with maize 
production. The reproductive potential of West African Dwarf goats and sheep has been well 
documented; the principal goal of future research must be to demonstrate that supplementary 
feeding of high-quality fodder species such as leucaena and gliricidia is effective in realising this 
potential. 
It is interesting to speculate on the potential of alley farming in other tropical areas, particularly 
those where fallow has been replaced by continuous cropping. Table 3 indicates that with 
a 100%decrease in clearing labour in the fallow system (continuous cropping) and a 
100% increase in pruning labour, alley cropping with mulch incorporation is still 55% more 
profitable. In areas where production is constrained more by land than by labour, alley farming 
appears to be a technology which should be vigorously investigated. 
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Summary 
LIVESTOCK DEVELOPMENT planning in Africa has frequently been a case of 'planning without 
facts'. Pastoral systems are particularly poorly understood and development planning has been 
largely unsuccessful. In the absence of facts, planning has, of necessity, been based on 
prevailing assumptions about pastoral production, many of which appear to be outmoded. 
This paper reviews the appropriateness of three major assumptions underlying pastoral 
development in East Africa. These are the economic irrationality of pastoralists, the unchanged 
nature of pastoral production systems, and the applicability of Western models to pastoral 
development in East Africa. 
It now seems clear that without a thorough understanding of the pastoralists' goals and 
strategies and without their participation in planning, pastoral development is unlikely to be 
successful. This is particularly important given the rapidly changing circumstances of pastoral 
production. African rangelands are not so much overstocked as overpopulated. Pastoral 
production needs to be intensified in order to support the increasing human population, but 
Western models, based on low labour and high capital inputs, have limited applicability in Africa. 
Another lesson is that degradation can only be fully understood in terms of the wider social, 
economic and political context of production. 
Introduction 
The lack of information on pastoral systems has frequently been noted (Sandford, 1976, 1983; 
Raikes, 1981), and in a recent symposium on pastoral development it was concluded that 
"quantitative data relative to pastoral systems (including human population, herd demography, 
biotic composition) are notoriously unreliable" (USAID, 1980, p. 5). In a review of the literature 
on agricultural development in sub-Saharan Africa, Eicher and Baker (1982) noted that 
"research on the behaviour of livestock herders in Africa is about at the same point where 
research was on the economics of crop production some 20 years ago – many assertions and a 
sparse supply of facts" (p.168). Longitudinal data on such critical factors as human and livestock 
populations and range degradation are particularly lacking. 
The paucity of data has meant that millions of dollars are being chanelled each year into 
livestock projects throughout Africa without a sound knowledge of livestock production on the 
continent (Eicher and Baker, 1982). Interventions in pastoral systems are often based on 
prevailing assumptions about the nature of pastoral production and the direction in which it 
should be transformed (Sandford, 1976). 
Over the past 50 years there has been increasing alarm that extensive and irreversible 
rangeland degradation is occurring in East Africa, and that urgent action is required (see Great 
Britain, 1934; Brown, 1967; Glover and Gwynne, 1961; Spooner and Mann, 1982). It has been 
assumed that this degradation has been brought about by the irrational desire of pastoralists to 
accumulate vast herds, under a management system largely unchanged for millennia and 
characterised by the 'tragedy of the commons' exacerbated by the recent human population 
growth. It has been further assumed that the solution lies in the commercialisation of production 
based on Western models. Such assumptions underlie major programmes intended to alter 
radically livestock production and land tenure in the pastoral areas of Kenya, Botswana and, to 
a lesser extent, Sudan (Grandin, 1981; Republic of Botswana, 1975; Behnke, 1986). 
Although serious gaps still remain, the knowledge of pastoral production systems has greatly 
advanced during the last 10 to 15 years. This paper examines the validity of three major 
assumptions of pastoral development: the economic irrationality of pastoralists, the unchanged 
nature of pastoral production systems, and the applicability of Western models to pastoral 
development in East Africa. The model of the 'tragedy of the commons' (Artz, 1984; Gilles and 
Jamtgaard, 1981, 1982; Grandin, 1985b) will not be discussed here. The paper is based 
primarily on recent literature on East African pastoralists and the author's own field research in 
Kenya's Maasailand. 
Economic rationality and the goals of pastoralists 
One of the more persistent arguments in rangeland development is the issue of the pastoralists' 
economic rationality or the lack thereof. In outlining what he calls the 'mainstream view' of range 
development, Sandford (1983, p. 15) noted that this view is based on a distrust of traditional 
economic and social systems, and suspicions that pastoralists are irrational. 
Raikes (1981) was more vehement in his appraisal of East African sentiments: 
One problem which must be confronted at the outset is the widespread view that 
pastoralists and other herders are economically (or sometimes without qualification) 
irrational; this being evidenced by their assumed benefits .... and phenomena like 
preferences for particular colours of cattle or shapes and sizes of horns. One might 
suppose that this sort of thinking had largely disappeared with the colonialism which 
spawned it, but one would be wrong. It is widely assumed among officials and politicians 
in East Africa that pastoralists are irrational (pp. 23–24). 
He also cited a local newspaper correspondent who called the Barabaig pastoralists "ignorant 
and barbarian" with small and backward minds. 
The current allegations that pastoralists are irrational echo Herskovits' (1926) description of the 
so-called 'East African cattle complex', according to which East African pastoralists had 
sentimental attachments to their cattle, disliked killing them, and used them in ways very 
different from Westerners–in rituals, as a source of power, prestige etc. The idea was seized 
upon by colonial officials (Mair, 1985) and by numerous social anthropologists, who, following 
prevailing social theories, were intent on proving that non-Western people and institutions were 
qualitatively different from Western ones. Neo-classical 'economic' analysis was deemed 
inapplicable to the non-Westerner. 
The debate on the form of economic analysis most suitable for non-Western systems raged 
throughout the early 1970s. It was then gradually accepted by most anthropologists that the 
issue was fallacious, predicated on the assumption that in acting 'economically', the Westerner 
is not acting 'culturally'. Perhaps the most cogent exposition of the rationality problem is found in 
Cancian (1972), who states: "Economic man always operates within a cultural framework that is 
logically prior to his existence as economic man; and this cultural framework defines the values 
in terms of which he economises" (p. 191). 
Success takes different forms: it might entail owning many animals, many yams, a large home, 
an expensive car. It is important that we do not compare pastoral producers with a Western 
ideal of a culture-free, profit maximiser (who, in any case, does not exist). It is also important 
that we understand the institutional structures beyond the control of the individual, which affect 
his or her possibilities for action. On the whole, pastoral producers are poorly incorporated into 
the market economy; they live in an uncertain world, where family and friends rather than the 
corporation or the state provide security, both present and future. By understanding the goals 
and the context of pastoral production, we will be in a far better position to suggest appropriate 
policy initiatives, as well as development opportunities at the local level. 
Lipton (1968) made an important contribution to the issue by explaining the goals of traditional 
subsistence production. He argued that because of risk and the need for security, traditional 
producers do not always allocate resources in such a way as to maximise short-term output. He 
also noted that "many superficially odd village practices make sense as disguised forms of 
insurance" (p. 341). 
Over the past 15 years, numerous studies have been carried out in order to obtain better 
understanding of the strategies used by peasant farmers to avoid risk (Berry, 1976); they have 
confirmed that the farmers' practices are aimed at ensuring a minimal level of subsistence 
security under the most unfavourable circumstances. Thus an innovation will not be adopted 
unless it does as well as an existing practice under poor conditions, irrespective of how 
successful it is in good years (Dillon and Anderson, 1971; Hunt, 1984). 
Recent evidence shows that pastoral producers also adopt certain strategies to void risk. The 
primary goal of pastoral production is subsistence security in the short and long term, which is 
largely achieved through the accumulation of animals (Dyson-Hudson and Dyson-Hudson, 
1970; Grandin, 1983; Galvin, 1985; Ensminger, 1982). Large numbers of animals are required 
for subsistence especially when the availability of agricultural foodstuffs is limited (Brown, 1971; 
Dahl and Hjort, 1976). In addition, animals provide long-term security in the event of epidemics 
and droughts and constitute the sole inheritance for the pastoralists' children. 
Other risk-aversion strategies used by pastoralists include species diversification, splitting herds 
and flocks, and stock lending. Animals play an important role in developing and maintaining 
social ties with kinsmen, age mates and friends, both near and far, which form the network of 
security insurance for the pastoral household. Friendships made with people in distant places 
through lending or exchanging stock enhance the pastoralists' possibilities for movements 
during droughts and increase their chances of being able to acquire animals after a disaster. 
Those who advocate a 'loosening' of the pastoral social organisation in order to facilitate 
commercialisation of production should realise that this would invariably lead to a breakdown of 
the traditional social security functions of the entire community. Its short-term consequences will 
be twofold: pastoral households will start placing greater emphasis on risk aversion practices, 
and the impoverished pastoralists will begin to rely more and more on the national economy for 
their subsistence – either through famine relief or by seeking non-pastoral employment. 
In addition to herd accumulation and the maintenance of social ties, pastoralists had a number 
of other strategies for coping with seasonal and annual fluctuations in food supply. These 
included reliance on wildlife and, where possible, agricultural foodstuffs (obtained by trade or 
minimal cultivation). The Maasai, for example, are often cited as representing the extreme of 
dependence on direct consumption of livestock products. However, there is ample evidence that 
they also exchange food with neighbouring agriculturalists, especially in time of drought. 
Traditionally, the Maasai also had a symbiotic relationship with Ndorobo hunters and gatherers 
(Bernsten, 1979); they are said to have regularly consumed the meat of wildebeest and eland. 
In some cases pastoralists changed even their mode of subsistence and ethnic affiliations to 
ensure their survival (Jacobs, 1968). As Bernsten (1979) observed, "The relationship between 
Maa-speaking pastoralists, farmers and hunters was not static, but dynamic... individuals moved 
between these three modes of subsistence according to their economic status at a given time" 
(p. 109). Little (1983) noted a similar phenomenon for the I1 Chamus near Baringo. In modern 
times, the Maasai have largely lost this flexibility for subsistence security, first through the 
imposition of national boundaries, and more recently through the enforcement of a hunting ban 
and land alienation and tenure change, which have cut them off from many high-potential refuge 
areas (Grandin and Lembuya, 1987). 
Changing circumstances of pastoral production 
Many of those who willingly accept the utility of culture as man's form of adaptation (rather than 
merely a hindrance to development) question the ability of culture to adapt quickly enough to the 
rapidly changing circumstances of modern times (e.g. Strange, 1980). There is a tendency to 
refer to pastoralists as if they have remained the same for hundreds of years (if not millenia), or 
as if it is only in the last few decades that change has been required. However, the evidence is 
overwhelming that East African pastoralists have experienced nothing but change for at least a 
100 years, and probably much longer. In this section, three aspects of change will be briefly 
examined: the crash of livestock systems in the 1890s, changes in territorial organisation in the 
20th century and the recent population explosion. 
The crisis in the 1890s 
Having examined carefully the records of early explorers and German colonialists in Tanzania, 
Kjekshus (1977) noted that 100 years ago there were intensive pastoral and mixed-farming 
systems in East Africa, despite the slave trade. Beginning in 1890, the area was hit by a 
disaster the proportions of which it had probably never previously experienced. 
The crisis was rooted in three external factors, in addition to the slave trade. Rinderpest (an 
exotic disease probably introduced with cattle imported by the Italians into Ethiopia) worked its 
way down the Rift Valley, decimating herds. Cattle mortality is estimated to have reached 90 to 
95%. This led to widespread famine as both pastoralists and smallholder farmers lost an 
important means of livelihood. A serious smallpox epidemic followed. Lastly the jigger (sand-
flea) also arrived in East Africa in the 1890s, further undermining the local production systems 
by debilitating the few surviving workers. 
Kjekshus (1977) concluded that at the time of serious colonial intrusion, the East African 
communities were in a state of total collapse–entirely due to these external factors. 
Colonialisation only hastened the rate of change. 
Changes in territorial organisation 
The changes imposed in the 20th century in territorial organisation and control are among the 
most important that pastoralists have experienced. The Maasai in Kenya may be taken as a 
case in point. 
Huntingford (1953) briefly traced the history of Maasailand: in 1889, the 155 400 km2 of 
Maasailand was divided between Britain and Germany; in 1904, two non-adjacent Maasai 
reserves were formed in the British territory, one in Laikipia and the other due south of Nairobi. 
In 1911, the northern reserve was eliminated, and by 1913 the non-Samburu Maasai were all 
evacuated to an expanded southern reserve, reducing Maasailand to approximately 38 850 km2. 
Since then, however, further alienation has taken place, particularly through the formation of 
game reserves and encroaching agriculture (Campbell, 1981). This territorial shifting was 
accompanied by the imposition of colonial administrative structures which further undermined 
the traditional political and social system of the Maasai. 
The most recent territorial change of major proportions in Kenya's Maasailand has been the 
adjudication of the tribal land and the development of group ranches, creating completely new 
levels of social organisation (Halderman, 1972; Hedlund, 1971; Galaty, 1980; Grandin, 1981). 
The objective of this government policy has been to settle people and livestock, while wildlife 
are left to exploit scattered forage. 
Before the formation of group ranches, access to grazing was obtained through membership in 
a section or subtribe. In the Kajiado District, the average section was over 2000 km2. In normal 
years, producers tended to use only a portion of their section; in times of drought, however, 
even cross section movement was facilitated. The Kaputiei section, which was about 3100 km2, 
was divided into two subsections of roughly 1000 and 2100 km2; the latter had three socially 
distinct locations. In comparison, the mean size of the 15 Kaputiei group ranches is only about 
160 km2. This reduction in grazing area has important implications for production considering 
East Africa's highly erratic and scattered rainfall. Sedentarisation reduces the possibility of 
avoiding the incursions of wildebeest which carry malignant catarrhal fever. It also cuts off 
access to distant natural salt licks. 
In summary, the Maasai, as other East African pastoralists, have had to adapt to major territorial 
and organisational changes in this century. Galaty's (1980) comment on group ranches is widely 
applicable; he noted that the programme represents "a positive innovation precisely because of 
its limitations, for in the cracks and crevices of its organisation, Maasai may be able to make it 
work through their own system" (p. 169). 
Population growth 
One of the most important sources of change throughout the continent has been the 
unprecedented rate of population increase in recent decades. Available statistics suggest that 
Kenya has the highest rates of population growth in the world, estimated at over 4% per annum 
(Kenya, 1986). 
The natural increase of population has fostered internal migration. Whereas in earlier decades 
the trend was from rural to urban areas, recently the migration trend in Kenya has been 
predominantly from rural to rural areas (Hunt, 1984; Livingstone, 1981; Ominde, 1984; 
Campbell, 1979; Jacobs, 1983). Having reviewed population changes in Kenya between the 
1969 and 1979 censuses on a district-by-district basis, Jacobs (1983) concluded that "a 
substantial portion of the migration trend was not only rural to rural, but from rural arable lands 
to rural rangeland areas ... inmigration of mixed farmers ... was a dominant trend... in virtually all 
rangeland districts" (p. 927). He estimated that the population increase at the national level was 
39%. During the same period, the mean increase in Kenya's 11 pastoral districts was 45%, 
largely in ecozones IV and V. For example, the population of the Kajiado District increased by 
74%, while that in Narok increased by 68%. 
Thus pastoralists have had to adapt in order that their increasing numbers could be supported 
on less land, within a changed administrative and economic structure. They have done this in a 
number of ways, including changing their customs of both food production and consumption. 
The Maasai can again be taken as an example. 
In some areas, the Maasai have considerably increased their smallstock holdings in the last 20 
years (Njoka, 1979; Grandin, 1981, 1985a). This allows more complete utilisation of available 
vegetation leading to increased productivity per unit of land, makes use of the increased 
availability of labour, and spreads risk. Despite a strong traditional taboo on digging, more and 
more Maasai are turning to crop production. Njoka (1979) estimated that by 1977, half of the 
Maasai in Kaputiei had tried cultivation to offset losses from the previous drought years. In 
areas where irrigation is possible, Maasai have also started growing cash crops. There has 
been some out-migration of Maasai men from the Kajiado District to Nairobi and Mombasa, 
where they seek unskilled jobs, largely as watchmen. 
Food consumption patterns, often cited as a part of culture most resistant to change, have also 
been altered. This is particularly noticeable in the case of the pastoral Maasai, who have been 
known to subsist largely on milk, meat and blood from cattle. Referring to his work in Tanzania 
from 1956 to 1958, Jacobs (1965) noted: "The milk, meat and blood of their livestock form the 
staple diet of pastoral Maasai. Their main food is fresh cattle milk, and they frequently subsist 
for weeks on nothing more..." (p. 148). Blood from bullocks was used "especially in the dry 
season when milk supplies were short". Purchased maize flour and honey beer comprised 
important food supplements for poor families in the dry season. 
The Maasai's diet, traditionally consisting chiefly of milk, has recently undergone significant 
changes. For example, in the relatively good years of 1981–1983, large-scale purchases of 
foodstuffs (particularly maize) were recorded on three group ranches (ILCA, 1983). Maize was 
purchased by poor households throughout the year and by rich households most of the time. 
Grain purchases are financed almost exclusively by cattle sales. Cattle bleeding has never been 
recorded by the ILCA team, not even during the 1984 drought and its aftermath. Rather, studies 
of herd composition showed that mature steers accounted for only 2% (King et al, 1984). ILCA's 
studies also showed that because of increasing availability of, and dependence on, agricultural 
foodstuffs, the Maasai no longer keep male animals long past maturity for bleeding; they sell 
them to obtain cash for purchasing household needs and production inputs. 
Boserup (1965, 1981) suggested that population growth has been the driving force for 
intensifying agriculture in preindustrial societies. After industrialisation there is often the choice 
of either remaining and intensifying production or seeking wage labour. The evidence available 
for East Africa indicates that increased population density has led to both strategies being 
employed by the pastoralists, along with an increased substitution of dairy products with 
agricultural foodstuffs. 
Population density in East Africa is high (2–5 persons/km2) and increasing at a rate 
unprecedented in human history. All too often in the past, it has been assumed that the 'surplus' 
pastoral population would have to find alternative means of livelihood so that degradation could 
be stemmed and 'proper' rangeland development could take place. It is increasingly obvious 
that this is not possible. 
Livingstone (1981) and Hunt (1984) noted that the Kenyan labour force (reckoned at 7.2 million 
in 1980) would almost double by the year 2000. Advances in population control will not ease this 
situation; the future labour force entrants are already born. Even the most optimistic projections 
indicate that over 5 million people will have to find employment in the rural sector, mainly in 
agricultural production (Hunt, 1984). 
Rangeland development must be put in the national context; the pastoral population cannot be 
wished away. The ministries involved in range development need to heed the warning of those 
working to stem the flow into urban areas. Clearly, a major effort must be made to find suitable 
means to increase and sustain the output from the East African rangelands, primarily through 
increased use of labour per unit land, so that they can support their expanding population 
decently as well as contribute to the national good. Pastoralists have and are willing to change, 
but sensibly, not at the expense of their subsistence security. 
The applicability of western range management to east Africa 
Extensive Western-style range management techniques presuppose low population density, 
high cost of labour relative to other inputs, a high level of infrastructural development (including 
transport), and secure markets to sell animals and purchase food and production inputs. Yet few 
of these conditions prevail in East Africa. Rather, labour is abundant and cheap, capital is 
scarce, and the infrastructure is poorly developed. 
Pastoral systems are often compared unfavourably to Western ranching systems, especially 
with regard to productivity per unit animal. It has been recognised, however, that pastoralists are 
not attempting to maximise output per unit animal. They are more concerned about a secure 
output (as discussed above) and output per unit area of land. 
Evidence abounds that East African pastoral systems, with high labour but low capital and fossil 
fuel inputs, have a higher output per unit area of land than extensive Western ranching 
enterprises. As Africa is facing a severe food security crisis, it is instructive to consider 
productivity in terms of protein output per hectare and labour and fossil fuel utilisation for a 
number of systems in the semi-arid areas of East and West Africa, the United States and 
Australia (Table 1). 
 
 
 
Table 1. Livestock productivity and factor ratios in semi-arid areas. 
Region, system  
Factor ratio 
Source  Protein output 
(kg/ha/year) 
Land/Labour 
(ha/man-year) 
Fossil fuel/Labour 
(l06 Kca1/ man-yeara) 
USA 
   Ranching 
0.3–0.5 3000-6000 48–67 Krummel and Dritschilo 
(1977)  
quoted in Breman and de Wit 
(1983)  
Australia 
   Ranching 
0.4 4000 287 
Sahel 
   Transhumance 
0.6–3.2 38 0 Breman and de Wit (1983) 
East Africa 
   Kajiado Group Ranch 
3.4 30 0 
Grandin (unpubl. data);  
de Leeuw et al (1984) 
   Karamojong,  
   pastoral 
3.6 10 0 
Dyson-Hudson and Dyson-
Hudson (1970) 
   Borana,  
   pastoral 
2.1b 120 0 Cossins (1985) 
a 1 man-year = 1900 hours of work per year. 
b Offtake only; excludes herd accumulation. 
Calculated per hectare of land, production of meat and milk protein in pastoral systems exceeds 
that of ranching systems up to tenfold. Whereas on Western ranches one person may manage 
4000 ha, the same area would employ over 100 workers under pastoral management. In 
Western systems, the use of fossil fuel is high; it is virtually non-existent in pastoral systems. 
ILCA researchers (de Ridder and Wagenaar, 1984; 1986) compared traditional with Western-
style ranching systems in Botswana and concluded, "... traditional systems in eastern Botswana 
can thus be considered as 95% more productive in terns of liveweight production equivalents 
than ranching systems on a per hectare basis" (1984, pp. 5–7). 
To complete the comparison, it is useful to consider game ranching and mixed game/livestock 
ranching, both of which have been suggested as possibilities to exploit further Kenya's 
rangelands. Precise data on game/livestock ranching are not available, but estimates have been 
made. 
McDowell et al (1983) have simulated the costs, returns and labour requirements of various 
types of commercial ranches in an environment similar to that of the Olkarkar Group Ranch. 
According to their calculations, an unfenced mixed game/cattle ranch of 8100 ha would produce 
approximately 2.1 kg of protein per hectare, and employ approximately 60 people at a below-
subsistence wage of KSh 400/month. Its total annual costs would be about US$ 10/ha of which 
only about US$ 2 would be for labour. "Acquiring such large funds in Kenya's troubled financial 
sector would be extremely difficult" (p. 51), concluded the researchers. We might add that given 
the employment needs of Kenya, the generation of such low levels of wage labour per unit land 
and per unit capital invested should be questioned. 
Although game ranching per se would be problematic, better utilisation of game in Kenya's 
rangelands could contribute significantly to both national and local revenues. If pastoralists are 
to bear most of the burden of wildlife outside national parks (through loss of grazing, disease 
and predation and, in some areas, damage to crops), they can rightfully expect to gain some 
benefit. 
In Western systems, returns to labour are very high, while returns to land are very low. The 
reverse would appear to be true in East Africa. Although evidence indicates that combined milk 
and meat production gives higher offtake per unit area than beef alone, rangeland development 
programmes have emphasised only beef production. Smallstock and camels play an important 
role in some pastoral systems; yet they are largely ignored in research and development 
activities. The same could be said of wildlife. 
Western ranches are commercial enterprises whose primary objective is to maximise their 
profits through the supply of meat and milk for consumption and export. When compared with 
Western systems, the East African rangelands appear to contribute relatively little to the national 
good, but such comparisons ignore the large local population they support. Yet the 
commercialisation of pastoral production has often been regarded as one of the most essential 
ingredients of range development, and commercial offtake as the only important component of 
the output from rangelands. 
Of necessity, pastoralists are being increasingly incorporated into the national economy. 
However, if the commercialisation of pastoral production is to be successful, national 
governments must address two tasks. The first is to review current pricing policies for livestock 
products and to promote alternative investment opportunities for pastoralists. The second is to 
develop the infrastructure that would facilitate the incorporation of the pastoral system into the 
national economy. Transport and markets must be developed to ensure a reliable offtake of 
pastoral products (including wildlife products) from the rangelands (Sandford, 1982), as well as 
the provision of essential production inputs and household necessities. 
Security, the fundamental characteristic of subsistence production, has important implications 
for the response of pastoralists to commercialised production. Commercial production will have 
to provide as good a quality of life as the traditional system, and as much security in the face of 
seasonal variations and longer-term cycles of boom and bust. Until such security is perceived to 
exist, it cannot be expected that the pastoralist will give up any practices aimed at ensuring his 
survival. 
The change from subsistence to commercial production, if it occurs, will take time. It will require 
confidence in the government's ability to ensure the supply of basic inputs. Each time there is a 
shortfall of agricultural foodstuffs in pastoral areas, or a problem with outlets for offtake, the 
pastoralist will be encouraged to continue his subsistence strategy. For example, the lack of 
reliable sources of agricultural foodstuffs has been identified as a major problem for the 
Rendille. Sobania (1979) concluded that the historically low offtake rates among the Rendille 
were caused more by unreliable marketing than by the pastoralists' unwillingness to sell 
animals. 
Marketing security will be particularly important in drought periods (Sandford, 1983). During the 
recent drought in Kenya, the existing marketing channels proved to be inadequate, such that the 
supply of animals to the Kenya Meat Commission abattoir quickly exceeded capacity. Food 
distribution was problematic in many areas, and the terms of trade were unfavourable to 
pastoralists. In Wamba town in Samburu District, for example, there were many weeks when no 
foodstuffs were available to purchase or were in such a limited supply and sold so quickly that 
only town dwellers were able to obtain them. The Samburu resorted to slaughtering goats to 
ward off starvation, and many went hungry (Sperling, 1987). Although food supplies were more 
abundant in Maasailand, there were periodic shortages and constant concern on the part of the 
pastoralists about their continuity. Such experiences will have confirmed the pastoralists in their 
strategy of self-reliance for perhaps another generation. 
Conclusions 
In summary, there are major lessons from the last two decades: 
Causative factors 
Theories about what causes rangeland deterioration abound, many of which emphasise such 
immediate causes as overgrazing while ignoring the wider social, economic and political factors 
(Spooner, 1982). There has been a history of alarmism leading to an uncommon haste to 
change traditional systems, which is now being tempered by a recognition that not enough is 
known about these systems to effect acceptable changes. 
Overpopulated range 
The rangelands are not so much overstocked as overpopulated. Given the environment, and the 
need for subsistence security in the short and long term, it is clear that most pastoralists do not 
keep more animals than they need; many in fact do not have enough. Large numbers of animals 
are not a matter of cultural conservatism but a means of survival. 
Intensified pastoral production systems 
Western models of range management are largely inapplicable in Africa because of the high 
population densities in the continent, low cost of labour relative to other inputs, and scarcity of 
development infrastructures. It is now recognised that rangelands must support an increasing 
human population. This will require an intensification of pastoral production systems, which has 
important implications for current range research and development activities. In addition, 
pastoralists must be incorporated into the national economy to such a degree that they will be 
able to rely on a regular supply of foodstuffs and market their own products in a predictable 
manner. 
Cultural considerations 
Development projects in rangelands have often ignored the pastoralists' needs and goals, 
leading to many failures. This attitude has largely been due to the dubious assumption that 
pastoralists are irrational or culture-bound in clinging to large numbers of animals. Thus, top-
down decision making for them, rather than with them, was deemed necessary (and done in 
haste to preempt the rapid deterioration of rangeland conditions). 
However, it is increasingly accepted that the strategies adopted by pastoralists stem from the 
need to ensure the survival of a rising human population under harsh ecological conditions and 
a changing institutional framework. Pastoralists have changed and will continue to do so as 
conditions demand and/or allow, but with minimum jeopardy to their own survival. Pastoralists 
must be incorporated into the decision-making process influencing their future and that of the 
lands they currently occupy (USAID, 1980; Galaty et al, 1981; Sandford, 1983) if acceptable 
interventions are to be found. 
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Summary 
GOATS IN the tropics are kept under varying ecological conditions and greatly differing 
husbandry systems. Although managed in many rational ways, performance is highly influenced 
by a large number of environmental factors. Production objectives vary according to ecological 
conditions and the production system. 
Improved goat productivity is possible through better management and controlled breeding. 
Logical decisions on improvement strategies require accurate performance data and adequate 
information on the impact of systematic factors. Various methods of breed documentation or 
breed evaluation can be applied. While breed documentation is sufficient for better management 
and selective improvement, meaningful performance comparisons require simultaneous breed 
evaluation. Productivity characteristics are most important but parameters describing specific 
performance abilities also need consideration. 
Field and on-station tests are complementary, although the field tests are the most meaningful. 
The problems posed by the large number of influencing factors and covariates can be solved by 
choosing the correct samples and ensuring a systematic implementation of test schemes. 
Within-flock comparisons require large flocks and are less feasible than grouped flock 
comparisons for production systems with a small flock size. 
Introduction 
Goats are widely distributed throughout the world, but are particularly associated with less 
favourable environments. Adaptive features such as feeding behaviour, efficient feed utilisation 
and, in part, disease tolerance enable goats to thrive on natural resources left untouched by 
other domestic ruminants. In marginal environments it is the only domestic species able to 
survive. Its biological features include an efficient reproductive system and a small body.  
These characteristics allow an easy adjustment of flock size to match the available resources, 
facilitate the integration of goats into small-scale production systems (low capital, low risk) and 
enable flexible production. Goats can serve two different functions in a development economy: 
 provide food and raw materials by utilising ecologically marginal areas, and 
 increase family income and the financial stability of smallholder enterprises by utilising 
limited economic and natural resources. 
If goats are to serve as a source of both food and cash, their productivity must be increased 
through improved husbandry and breeding strategies. 
This paper describes the role of goats in farming systems in tropical and subtropical regions, 
outlines methods used to evaluate their performance and provides information on how to 
conduct performance tests in the field. 
The role of goats in farming systems 
Production system and goat husbandry 
Goats form an integral, but rarely dominant, component of most farming systems in the tropics 
and subtropics (Winrock International, 1983). Although their importance is more pronounced at 
either end of the ecological gradient (arid to semi-arid and in the humid zones) than in more 
favourable environments, goats still play a part in almost every farming system (Table 1). 
Table 1. Goat management in tropical zones and production systems. 
Ecological 
Zone  
Agricultural 
System 
Production 
system 
Animal 
species 
Management practice 
Feed resources  
Flock 
size 
Location 
(examples) Day Night 
Arid to 
semi-arid  
Pure 
Livestock 
Transhumant 
pastoralism 
Goats, 
sheep 
cattle 
Free-range herding Open camp 
Predominantly 
browse 
30–80 Mali, Sudan 
Semi-sedentary 
pastoralism 
Cattle, 
goats 
sheep 
Flock herding Penned Browse and grass 10–100 Kenya (Maasai) 
Semi-arid 
Crop– 
livestock 
Agropastoralism 
Cattle, 
goats 
Dry season 
free roaming 
Penned or 
tied 
Dry season crop 
residues, fallow, 
browse 
5–40 
Mali, northern 
Nigeria 
        Crop seasonHerding   
Crop seasongrass 
and browse 
    
Sub-
humid 
Crop- 
livestock 
Small-scale 
mixed farms 
Cattle, 
sheep 
goats 
Dry seasonHerding 
Penned or 
tied 
Dry season crop 
residues crop 
fallow 
2–10 
Kenya, Mali, 
Southern Nigeria 
        
Crop season 
Tethering 
  
Crop season 
limited natural 
vegetation 
5–20 Malaysia 
Humid Crop-based 
Large-scale 
plantations 
Sheep 
(West 
Africa) 
Paddocking Penned 
Natural 
undergrowth 
40–400 Malaysia 
      
Goats 
(Asia) 
Herding   
(grasses, forbs, 
ferns) 
    
    
Small-scale 
cropping 
Goats Housed Housed 
Grass Crop 
residues 
2–20 
Malaysia 
southeast 
Nigeria 
Ecological conditions, feed resources and interactions with the cropping subsystem determine 
the goat management system. With only few exceptions, goats are allowed to range free in the 
arid zones, while in the subhumid and humid zones they are kept under more controlled 
conditions. During the day, these may vary from free range to tethering or stall feeding; at night, 
goats are kept in open camps or confined (Sumberg and Mack, 1985; Wilson et al, 1983). Flock 
sizes decline as ecological conditions improve and the importance of integrated crop-cattle 
production increases. 
Large-scale goat production is widespread in areas with a Mediterranean-type climate. Under 
tropical conditions it is limited to perennial crop systems such as the rubber plantations in 
Southeast Asia and cocoa plantations in West Africa (Peters et al, 1981; Peters and Horst, 
1981). Even in pastoral areas, flocks of more than 100 goats are rare, but flocks of 20 to 30 are 
very common. In crop-livestock systems, flock size is negatively correlated to the importance of 
cropping, with each flock seldom having more than 20 goats (King et al, 1984; Wilson, 1983). 
Management objectives 
In the transhumant systems, goats are kept mainly for milk. Meat is a product of almost every 
system, while fibre production is confined to systems in the arid and highland zones (Table 2). 
Flock structures appear to be very similar in all ecological zones and production systems, 
regardless of the primary objective of keeping goats. Wilson (1983) reported that, in general, 
flocks have about 75% total females or about 50% breeding females. 
  
Table 2. Output goals of tropical goat production. 
Ecological 
zone 
Production system Output Region 
Arid Transhumance 
(horizontal) 
Milk, meat, hair North Africa, Near 
East, India 
Sedentary Ranging Meat (milk, fibre) Latin America 
Ranching Fibre (meat) USA, southern 
Africa, Turkey 
Semi-arid Semi-sedentary 
pastoralism 
Meat East Africa 
Agropastoralism Meat West and southern 
Africa 
Subhumid Mixed farming Meat Africa, Latin 
America, South Asia 
Humid Lowland mixed 
Farming 
Meat Southeast Asia 
Upland perennial 
Cropping 
Meat Southeast Asia, 
West Africa 
Highland Transhumance 
(vertical) 
Fibre, meat, milk Northern India, 
Turkey 
Sedentary ranging Fibre, meat Lesotho 
Mixed farming Meat Ethiopia 
Source: Based on Peters and Horst (1981). 
Adaptability to ecological conditions 
Goats are able to produce under greatly varying and frequently unfavourable environmental 
conditions. The most important adaptive features enabling them to adjust to the environment in 
which they are reared are feeding behaviour, body size and fleece structure (Table 3). 
 
Table 3. Environmental constraints and corresponding adaptations in goats reared under 
tropical conditions. 
Ecological zone Environmental constraint Type of adaptation zone 
Arid Seasonal availability of Vegetation 
Predominance of bush and shrub plants 
Lack of surface water 
High radiation, large fluctuations in 
diurnal temperature 
Ability to survive on sparce vegetation 
Preference for browse, selective feeding, 
good rangeability 
Intake of succulents 
Larger body size and insulating coat 
Humid Fast-maturing grasses (high rate of 
lignification) 
High temperature and high humidity 
Tsetse infestation 
Low absolute 
Requirements 
Small body size 
Mountainous Large variations in seasonal temperature Development of trypano-tolerant breeds 
Fine woolly Undercoat 
Goats are not only able to select a high quality diet and to compensate for their limited 
rumination capacity; they also consume more plant species than other domestic livestock 
(Demment and van Soest, 1983). Their unique feeding behaviour allows them to overcome the 
effects of limited feed availability in dry areas and select palatable parts of plants with a high 
crude fibre content (e.g. fast-growing grasses in the humid zone). 
Another important adaptation of goats to ecological conditions is their variable body size. Goats 
inhabiting hot, humid environments have small bodies (dwarfs), while those living in dry 
environments or in areas with a wide diurnal temperature range usually have larger bodies 
(Horst, 1984). The combined effect of appropriate body size and feeding behaviour enables 
goats to withstand environmental stress and may be one reason for the relatively high disease 
tolerance attributed to goats under unfavourable environmental conditions. 
Fleece structure shows a remarkable association with environmental conditions. In the semi-arid 
to humid zones, short coats of coarse fibre enable goats to withstand high rates of radiation or 
humidity. Goats inhabiting the arid zones have long-haired, coarse-fibre fleeces to protect 
against heat during the day and cold at night. In the mountainous areas of central Asia, goats 
have a top coat of long coarse fibres and a seasonal undercoat of short, fine fibres to protect 
against extreme cold. Angora or mohair goats have long, white and wavy fleeces and live in 
mid-altitude (Turkey) and dry, high-altitude areas (Lesotho). 
In summary, ecological conditions, available feed resources and management systems may 
affect the productive adaptability of goat populations in specific environments. These factors 
must be regarded as covariates and must be established when testing goat performance. 
Performance evaluation 
Objectives 
The performance abilities of goat breeds must be thoroughly understood before attempts are 
made to increase the productivity of these animals. The major objectives of evaluating breed 
performance are to: 
 determine performance levels and specific adaptive abilities, 
 determine the environmental and genetic factors that cause variability in breed 
performance 
 compare the performances of different pure or crossbred breeds in the same 
environment. 
Methods 
Goat performance can be evaluated by focusing on a single breed, or by comparing several 
pure or crossbred breeds under identical environmental conditions (Table 4). The first method 
allows the documentation of absolute performance by a given breed with particular physiological 
and genetic characteristics in a given environment. This information is useful to design 
management and breeding strategies for within-breed improvement through better husbandry 
and selective breeding. The second method enables a simultaneous evaluation of performance 
of different goat populations in a given environment, through the comparision of the relative 
merits of all the genotypes involved. Breed-type evaluation is particularly important to the 
success of crossbreeding programmes. 
Table 4. Methods used to assess breed performance. 
DOCUMENT 
Absolute performance of 
  specific production characteristics 
  morphological and physiological criteria 
Observations of 
  specific polymorphisms 
  single/major genes 
Advantage: Enables the preparation of standardised descriptions of particular breeds in 
different regions and countries. 
Applicability: Useful to determine within breed performance ability and variability, and 
husbandry and breeding strategies. 
       EVALUATE 
         Relative performance 
  in identical environments 
  of same characteristic or criterion 
Advantages: Enables easier definition of performance characteristics; between-breed 
comparison is not confounded by different performance tests and environmental effects. 
Applicability: Necessary to identify more suitable breeds and useful genetic resources. 
The choice of method depends on such factors as the production system and its objectives. In 
traditional subsistence systems, improved management is needed rather than introduction of 
new genes; thus the appropriate method is breed documentation. For more intensive systems, 
however, comparative breed performance studies are needed to identify the best genotype 
available. 
Components of a performance test 
Horst's (1983) concept of 'productive adaptability' implies that phenotypical performance is the 
result of an animal's true genetic performance ability plus its specific ability to cope with such 
environmental stresses as disease and heat (Figure 1). The interactions of these factors shape 
the productive performance of a given breed, and it is important that both be considered before 
decisions are made on improvement strategies. 
Figure 1. Schematic representation of productive adaptability. 
 
The characteristics which must be taken into account when evaluating goat performance can be 
divided into three groups: productivity, specific performance ability and specific adaptation 
ability.Productivity is an important indicator of the overall, economically relevant performance 
ability, but also gives a first impression of specific performance abilities and their variability 
(Table 5). 
  
Table 5. Productivity characteristics and measurements needed for calculations.  
Flock meat productivity (FMP) 
FMP = litter/year 
(parturition interval) 
× kids/litter (number 
weaned) 
× kids' viability to 
weaning (weaning 
weight) 
× kids' weaning weight 
(survival rate of doe) 
Flock efficiency (FE) FE  
= FMP/doe weight0.75  
Flock performance productivity (FPP)1  
FPP = FMP + ([daily milked-out yield] × [days of lactation]) 
                            9 
 = FMP + (milk yield) 
               9  
Flock performance efficiency (FPE)  
FPE = FPP/doe weight0.75 
1Expressed in meat equivalents; 1 kg of meat = 9 kg of milk. 
To understand the performance pattern for particular breed characteristics, and to provide the 
basis for genetic evaluation of each characteristic, detailed information about the specific 
performance ability of a breed is needed (Table 6). This group of characteristics includes 
fertility, lactation and growth, but also fibre yield and composition, skin structure and other 
related parameters. 
  
Table 6. Characteristics of specific performance ability and observations needed to assess 
them. 
Characteristic Observation 
Fertility Age and weight at sexual maturity 
Oestrus cycle and pattern 
doe fertility Post-partum ovulation rate 
Fertilization rate 
Embryo survival 
Gestation period 
buck fertility Age and weight at sexual maturity 
Libido, non-return rate 
Semen quality 
Lactation Maternal and milking behaviour 
Milk yield 
Days in milk 
Persistency 
Milk composition 
Growth Tissue growth (prenatal, postnatal) 
Feed intake (appetite) 
Body composition 
Carcass quality (meat yield) 
Fibre Fibre yield (weight, yield) 
Fibre density 
Composition (primary, secondary fibre) 
Fibre diameter and structure 
Strength of fibre 
Elasticity 
Length 
Skin Surface area 
Thickness, uniformity 
Grain structure 
Elasticity 
The usefulness of the criteria by which the specific adaptation ability of a genotype is judged is 
controversial (Horst, 1984). However, the between-breed differences of disease susceptibility 
and heat tolerance observed in sheep and cattle in tropical environments justify the inclusion of 
specific adaptation ability in performance evaluations, despite the uncertainty surrounding its 
mode of inheritance (Table 7). 
  
Table 7. Characteristics of specific adaptation ability and observations needed to assess them. 
Characteristic Observation 
Disease tolerance Packed cell volume 
Infection rate 
Parasite load 
Response to parasite inoculation 
Nutritional status (condition, weight changes) 
Polymorphism 
Heat tolerance Rectal temperature 
Respiration rate, pulse rate 
Evaporation rate 
Water intake (performance ability) 
Water metabolism Water loss 
Colon water resorption 
Kidney water resorption 
Body temperature development (performance ability) 
Feed utilisation ability Cell-wall digestion 
Phenolic-compound tolerance 
Test location 
An accurate assessment of productive adaptability can only be obtained if breed performance is 
assessed under normal living conditions. This is the reason for livestock on-farm tests (LOFTs), 
which are used to test large numbers of animals under actual producer conditions and allow a 
complete productivity assessment (Figure 2). 
Figure 2. Comparison of livestock on farm and on-station tests.
 
Other elements of a performance test, the genetic performance ability of a given breed and its 
specific adaptations, need to be studied in the controlled environment of an experiment station 
(Figure 2). Livestock on-station tests (LOSTs) facilitate accurate data collection and allow 
animals to be tested under different levels of production intensity. The significance of the results 
will depend on the degree of standardisation of the station conditions and on how closely they 
imitate the actual production environment. 
Livestock on-station tests are normally carried out with only a limited number of animals. They 
are complementary to the LOFTs in any performance evaluation, as both tests are needed to 
provide comprehensive data. LOFTS are undoubtedly the more important element, but their 
implementation is frequently hampered by a number of problems. 
Problems encountered in LOFTs 
In extensive goat production systems the main problems are mobility, an asynchronous 
production cycle and multiple outputs (Table 8), which can only be overcome by close 
monitoring of the flock. Access to flocks by the researcher depends largely on the cooperation 
of the owner, which can sometimes only be secured through direct incentives. 
 
 
 
Table 8. Problems encountered in livestock on farm performance tests (LOFTS). 
Problem Issue Solution 
High mobility Pastoral systems Monitor flocks closely 
Length of production cycle Specific risks affecting one animal, 
one farmer 
Use adequate sample Size 
Covariants affecting whole sample 
(e. g. season, disease) 
Estimate correction factors if sample 
adequately distributed 
Asynchronous production Aseasonal breeding Monitor different characteristics at 
regular intervals 
Multiple output Multi-purpose breeds Incorporate different characteristics in 
performance recording 
Negative attitude of owner Hinders access to flock Explain the purpose of the test and 
provide incentives 
Ownership Mixed ownership of flock Involve owners in the test 
Small flock size (< 2 animals) Confounded farm and animal 
effects 
Exclude single-animal 
    flocks from sample 
    Correct for farm effects 
    Use grouped-flock comparisons 
Single-buck flock Confounded buck and flock effects Interchange bucks between flocks 
Management variability Heterogeneous production 
conditions 
Select a representative and 
sufficiently large sample 
    Use within-flock comparisons 
    Use grouped-flock comparisons 
If the test covers more than one production cycle, proper identification of individual animals and 
accurate breeding histories of tested animals are necessary. Normally, such information is 
obtained from the owners, but difficulties may arise when flocks have mixed ownership. 
In smallholder goat production systems, the average flock is larger than two does and thus is 
not a problem in performance testing. Single-buck flocks may pose a problem if buck 
performance were to be evaluated because the effects of individual flocks will have to be 
isolated from buck effects. 
Lastly, the performance characteristics of goats are affected by a number of covariates, 
including seasonal influences, feed availability, climatic variations, disease stress and 
population size. To be able to estimate these covariates, and make the necessary adjustments, 
a data base built up over at least 2 years is required. 
Implementation of field performance tests 
Sample size 
At any stage during breed evaluation studies the animals are exposed to a multitude of factors 
which affect their performance. The variability of these influences is especially high in field tests. 
ILCA's data from various ecological zones show that the coefficient of variation for the 
reproduction parameter of goats is about 35% and for growth 30% (Sumberg and Mack, 1985; 
Wilson and Durkin, 1983). 
Large test samples are required if the significant between-breed differences in performance are 
to be correctly identified. For example, if we expect the difference between the true performance 
and the sample mean not to exceed 5%, and if the test of significance is carried out on a single 
breed (one-tailed test), a minimum sample size of approximately 800 animals is needed (Table 
9). 
Table 9. Sample size in comparative breed evaluation: Number of replications required for a 
given probability of obtaining a significant result. 
True 
difference 
as % of 
mean  
Coefficient of variation 
4 6 8 10 12 15 20 25 30 35 40 45 50 
5 9 19 33 50 72 112 198 310 446 607 792 1002 1238 
  12 26 45 69 69 99 155 429 617 840 1097 1388 1714 
10 3 6 9 13 19 29 50 78 112 152 198 251 310 
  4 7 12 18 26 40 69 108 155 210 275 347 429 
15 2 3 5 7 9 13 23 35 50 68 88 112 138 
  3 4 6 9 12 18 32 49 69 94 122 155 191 
20 2 2 3 4 6 8 13 20 29 39 50 64 78 
  2 3 4 5 7 11 18 28 40 54 69 87 108 
25 2 2 2 3 4 6 9 13 19 25 33 41 50 
  2 2 3 4 5 7 12 18 26 35 45 57 69 
30 2 2 2 3 3 4 7 10 13 18 23 29 35 
  2 2 3 3 4 5 9 13 18 24 32 40 49 
Upper figure: test of significance at the 5% level, probability 80% =   one-tailed tests  
Lower figure: test of significance at the 5% level, probability 90% =   one-tailed tests  
 
Source: Cochran and Cox (1957). 
In addition, the sample must be adequately distributed over the different covariates in a given 
test area and must have a mating structure which makes it possible to estimate population 
parameters. For example, it must provide information on the number and distribution of bucks in 
flocks to avoid confounding buck-flock effects; the number of matings per buck to estimate 
heritability and genetic correlations using the half-sib covariance analysis; and it must include 
bucks that have been used for more than 1 year to avoid confounding buck-year effects. 
Methods 
The implementation of field performance tests requires considerable planning. First, a schedule 
for flock visits is necessary to cover the production cycle (birth, weights at different ages, 
weaning, mating). The data collected on individual goats are then entered onto prepared field 
data sheets and transferred to coding sheets. Further handling of the data involves a number of 
steps (Trail and Durkin, 1982): 
 enter data into a computer file; 
 validate data and, if necessary, correct; 
 calculate parameters (e.g. correction of weight to a given age); 
 identify logical subclasses for environmental and other systematic effects; 
 analyse data. 
Both breed documentation and comparative breed evaluation are performed using this process. 
For a breed evaluation, however, it is also necessary to have an experimental plan which fits the 
respective conditions of the management system and flock size. Two such plans were designed 
by SABRAO (1981; Turner, 1982) - the within-flock comparison and the grouped-flock 
comparison. 
Within-flock comparison 
For a within-flock comparison of indigenous breeds, at least four flocks of 100 breeding does 
each are required, two flocks of a particular breed designated as Ll and two of an L2 breed. The 
flocks are interchanged with an equal number of flocks comprising half L1 and L2 each. Figure 3 
demonstrates within-flock comparison of six flocks from two local populations. The distribution of 
independent variables, such as environment and age of doe, should be similar for each flock. A 
certain degree of controlled mating per subherd facilitates the data recording process, and 
bucks should not serve in one herd only. Individual pedigrees are obtained only if individual 
coatings are recorded. 
Figure 3. Within flock comparison of goat populations. 
 
Goats in each subherd are identified by coloured ear tags or ear notches; newborn kids are 
marked accordingly. Three consecutive progenies must be observed before a complete set of 
data is obtained on one generation. This can take up to 4 years if kidding intervals are as long 
as 12 months; if goats give birth every 8 months, the observation period is much shorter. 
Within-flock comparisons require large samples, and are therefore best carried out in pastoral 
and other range systems. The major drawback, however, is that animals must be moved in 
order to obtain composite flocks, and this seems feasible only under sedentary range or 
ranching management. Thus this method is less suitable for assessing goat performance than a 
grouped-flock comparison. 
Grouped-flock comparison 
This plan is carried out with a large number of paired flocks which may vary in size but are 
representative of a given breed in a given environment (Figure 4). An environment can include a 
whole agro-ecological zone, the production systems within an agro-ecological zone or villages 
within a production system. Controlled mating with bucks serving several flocks is a 
prerequisite, as well as a dynamic flock structure. 
Figure 4. Grouped-clock comparison of goat populations. 
 
There are other conditions that must be satisfied in group-flock comparisons: because of the 
large number of flocks studied in different environments, individual flocks must be properly 
identified, management practices must be controlled at least partially, and all covariates must be 
closely monitored. In smallholder systems where flocks may have five or fewer breeding does, 
about 120 flocks are required to obtain an adequate sample and ensure proper correction of 
covariates. 
Grouped-flock comparisons are particularly suitable to compare the effects of crossbreeding 
which is usually done by mating exotic bucks with local does or through artificial insemination. 
Simultaneous mating of half the doe herd with local bucks then provides a sound basis for a 
performance comparison between the two genetic groups. 
Conclusions 
Evaluation of goat performance in the tropics must be approached systematically, but is 
expensive and requires considerable professional dedication. Unfortunately, at least one of 
these prerequisites is often lacking, and as a result few accurate data on goat performance are 
as yet available to introduce suitable improvement strategies. 
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Summary 
THE NUTRIENT content of five Tanzanian plant protein feedstuffs was evaluated. Untoasted 
red beans (URB), cowpea seeds from Dar-es-Salaam (DSM-P) and Morogoro (MOR-P), kapok 
seed expeller cake (KC) and sunflower seed expeller cake (SFC) were analysed for crude fibre, 
crude protein, ether extract, minerals and amino acids. Their protein quality was evaluated and 
compared with soya bean meal (SBM) in an experiment with growing rats. Untoasted red beans 
were excluded from this experiment due to low feed consumption and occurrence of diarrhoea. 
The net protein utilisation (NPU) of the Tanzanian plant protein sources was inferior to that of 
SBM. The lower NPU of SFC and KC was mainly due to low lysine and high fibre contents, 
while that of the cowpea seed samples was due to a low content of methionine and cysteine, as 
well as a lower CP digestibility. The digestiblity of organic matter and digestible energy of SFC 
and KC were low compared with SBM and the cowpea seed samples. 
Introduction 
Information on the chemical and nutritive characteristics of Tanzanian feedstuffs is limited, 
particularly on variations due to differences in the origin of the material and processing 
conditions. Information given by Naik (1969) and French (1941) is limited, which is typical for 
many developing countries (Gohl, 1975; FAO, 1967). Mellon et al (1964) suggested using tables 
showing amino acid content of overseas feeds for similar tropical feeds, but this is of 
questionable value since differences occur in fibre, lignin, tannin and saponin contents and in 
the various antinutritional factors which affect the bioavailability of nutrients to the animal (FAO, 
1967; Liener, 1975). 
Accurate data on the nutritive value of locally available feedstuffs are essential for an effective 
least-cost feed formulation and the efficient use of feed resources (Gohl, 1975; Zainal et al, 
1983). Often information regarding processing conditions is limited, and the products have 
ambiguous names. Such circumstances compel animal nutritionists and feed specialists to base 
feed formulations on estimates or on established analysis values of similar feeds produced in 
other countries. 
This paper describes the chemical characteristics, protein quality, and energy evaluation of five 
Tanzanian plant protein sources. Comparisons were made with defatted soya bean meal using 
the nitrogen balance technique (NBT) with growing rats. This technique is widely accepted as a 
valuable instrument to estimate the feeding properties of protein sources for non-ruminants 
(Austin, 1983; Batterham, 1979; Church, 1984; Eggum, 1973; McDonald et al, 1981). 
Materials and methods 
Materials 
The plant protein sources studied included expeller-extracted seed cakes of kapok (Ceiba 
pentandra) (KC) and sunflower (Helianthus annuus) (SFC), seeds from cowpea (Vigna 
sinensis) grown in Dar-es-Salaam (DSM-P) and Morogoro (MOR-P), and untoasted red 
beans (Phaseolus vulgaris) from Morogoro (URB). The SFC and KC samples were obtained 
from the Morogoro multipurpose oil processing company, MOPROCO. Soya bean meal (SBM), 
which had been toasted to deactivate trypsin inhibitors, and non-protein feed ingredients (maize 
starch and soya bean oil), were of commercial quality and were supplied by the Department of 
Animal Nutrition and Management of the Swedish University of Agricultural Sciences, Uppsala. 
The plant protein sources were ground in a Kamas mill to pass through a 1-mm screen. All 
samples were analysed for crude fibre, crude protein, ether extract, gross energy (GE), minerals 
(Ca, Mg, P, Co, Cu, Fe, Mn and Zn) and amino acids (AA). 
Diets 
Five diets, of which four were based on one of the test protein sources and one on SBM, were 
formulated to satisfy the energy, mineral and vitamin requirements of growing rats (Table 1). 
The diets were made isonitrogenous with maize starch as a basal ingredient to dilute the crude 
protein (CP) content to 1.5 g nitrogen (N) per 100 g diet, on a dry-matter (DM) basis. 
Appropriate amounts of soya bean oil were added to diets with an ether extract (EE) content of 
less than 3% dietary DM. A sixth diet was formulated with URB, but had to be excluded from the 
experiment because of poor feed consumption and diarrhoea in the rats fed the diet. 
 
 
 
 
 
 
 
 
 
Table 1. Experimental diet formulation and daily amounts of diet fed. 
  Diet with protein sources1 
  DSM-P MOR-P KC SFC SBM 
Diet (% DM) 
Protein source 34.2 30.9 34.0 33.9 17.9 
Soya bean oil 2.2 2.2 – – 3.0 
Mineral mixture 2 4.5 4.5 4.5 4.5 4.5 
Vitamin mixture3 1.0 1.0 1.0 1.0 1.0 
Maize starch 4 58.1 61.4 60.5 60.6 73.6 
Composition 
Dry matter (%) 89.3 89.1 90.1 91.6 89.2 
Ash (% DM) 5.3 4.9 6.3 4.9 5.3 
Crude protein (%DM) 9.9 9.2 9.9 9.8 9.7 
Diet fed per day (g DM) 10.0 10.1 10.0 10.2 10.1 
1 DSM-P = cowpea seeds from Dar-es-Salaam; MOR-P = cowpea seeds from Morogoro; KC = 
kapok expeller cake; SFC =sunflower expeller cake; SBM = Soya bean meal. 
2 Based on the manufacturer's formulation, mineral mixture provided 6.4 g Ca, 4.0 g Cl, 0.41 g 
Mg, 5.4g P, 4.65 g K, 2.09 g Na, 0.24 mg Co, 5.3 mg Cu, 15 mgI, 150 mg Fe, 54 mg Mn, 0.1 mg 
Se and 45 mg Zn per kg dietary DM. 
3 Based on the manufacturer's formulation, vitamin mixture provided 0.4 mg biotin, 2 g choline, 2 
mg folic acid, 0.1 g inositol, 0.05 g menadione, 0.05 g niacin, 0.1 g para-aninobenzoic acid, 0.05 
g pan- tothenic acid, 0.02 g riboflavin, 0.02 g thiamin, 0.01 g B6, 0.03 mg B12, 20 000 IU A, 0.2 
g E, 2000 IU D3. 
4 Maize starch = 88.2% DM; gross energy = 17.7 MJ/kg DM. 
Animals and experimental technique 
Twenty-five specific-pathogen-free Sprague Dawley male rats, initially aged 26 days, were kept 
individually in cylindrical, acrylic plastic metabolic cages in a room with controlled temperature 
(22°C) and humidity (60%). The cages were a modification of those used by Eggum (1973). 
Light was provided for 12 hours a day. The caged rats were divided into groups of five, such 
that the average group weights ranged between 70.7 and 71.1 g. Each group of rats was fed a 
diet based on a different plant protein source. 
The 10-day experiment was divided into a preliminary period of 6 days, followed by a 4-day 
collection period. For the entire experiment each rat was allowed to eat daily an equivalent of 10 
g dietary DM containing 150 mg N of the respective plant protein source. Individual diet 
consumption was recorded daily by weighing the residues. The rats were weighed on the first 
day of the experiment and on the first and last day of the collection period. Feed and water 
intake was stopped 2 hours before weighing. 
The faeces of individual rats were collected once a day and stored in airtight plastic containers 
at –20°C. At the end of the collection period, faecal samples were freeze-dried, ground and 
subjected to chemical analysis. Urine was also collected daily and stored in 250 ml volumetric 
flasks containing 50 ml of 5% (v/v) H2S04. During the collection period, surfaces below the cage 
mesh were sprayed once daily with 5% H2S04 to minimise N losses from the urine by 
evaporation. At the end of the collection period all surfaces which were likely to have come in 
contact with urine were sprayed with acid which was collected in the flasks. The urine was 
diluted with distilled water to volume, sampled and stored in plastic bottles at –20°C. The faecal 
and urine samples were each analysed for N. Faecal samples pooled within diets were 
analysed for dry matter, ash and gross energy. 
Analysis and computation 
Crude protein, crude fibre and ether extract were determined according to AOAC (1980). Amino 
acids were analysed in a Durrum –500 AA analyser. Samples were hydrolysed with 3 M HCl 
according to Mattson (1978), and defatted to 3% EE (on a DM basis) by Soxhlet extraction. 
Gross energy was determined with a Gallenkamp adiabatic bomb calorimeter. Major elements 
were determined by atomic absorption of ash dissolved in HCI; trace elements were also 
determined by atomic absorption after wet aching. Both analyses were performed at the 
National Laboratory for Agricultural Chemistry, Uppsala. 
The parameters used to express protein quality were: 
 true digestibility of crude protein (TD); 
 biological value (BV) – per cent of digested N retained; 
 net protein utilisation (NPU) – retained 
 N in percentage of consumed N, calculated as product of TD and BV; and 
 utilisable crude protein (UCP) – the product of NPU and the percentage of CP of the 
protein source. 
The parameters were calculated according to Eggum (1973). Metabolic and endogenous losses 
were corrected based on values from earlier experiments (Ahlstrom, 1983): metabolic faecal N 
(g) = 0.001 × g DM consumed, and endogenous N/day = 14.9 mg. 
The apparent digestibility of organic matter (DOM) and digestible energy (DE) of the diets were 
estimated using difference calculations in which it was assumed that DOM (%) and DE (MJ/kg 
DM) were respectively 100 and 17.7 for maize starch, 95 and 37.8 for soya bean oil, 100 and 
17.7 for vitamin mixture, and 0 and 0 for mineral mixture. All the calculations and statistical 
evaluations were performed using one-way analysis of variance in the generalised linear model 
(SAS, 1982). 
Results and discussion 
Chemical characteristics 
The CP contents of the Tanzanian protein sources varied relatively little, but compared with that 
of SBM they were markedly lower. SFC and KC had a much higher crude fibre content than the 
other feedstuffs. The leguminous seeds (URB, DSM-P, and MOR-P) had higher NFE1 values 
than SFC and KC. The comparatively high GE value for SBM seems to be related to its high CP 
content. The Ca content varied between sources and was lowest in the cowpea seeds. Among 
trace elements, Cu content varied most (Table 2). The most important observation from the 
amino acid analysis was that SFC and KC had a very low level of lysine (Table 3). 
1 NFE = nitrogen-free extractives. 
Table 2. Proximate and chemical compositions of protein sources. 
  Cottonseed expeller cakes1 
SBM1  
LGR MLP MHZ MOR SHY UZG 
Proximate composition 
Dry matter (%) 92.0 91.9 92.2 93.1 92.6 93.6 88.8 
Ash (% DM) 6.8 7.2 6.4 4.0 6.3 6.3 6.0 
Crude fibre (% DM) 10.9 10.9 16.3 19.4 11.3 12.1 5.3 
Crude protein (% DM) 46.7 48.2 40.9 24.1 45.8 42.9 52.4 
Ether extract (% DM) 9.5 8.7 8.7 6.7 6.8 10.5 3.2 
Nitrogen-free-extractives (% 
DM) 
26.1 25.0 27.7 45.8 29.8 28.2 33.1 
Gross energy (MJ/kg DM) 20.8 19.2 20.5 20.1 21.2 21.6 19.9 
Major minerals2 (g/kg DM) 
Ca 2.8 3.0 3.3 1.3 3.0 2.4 3.4 
Mg 12.8 11.8 8.5 5.5 10.3 9.5 6.5 
P 1.6 5.8 4.8 3.3 5.4 4.9 2.7 
Trace elements2 (mg/kg DM) 
Co <1 <1 <1 <1 <1 <1 <1 
Cu 21 29 25 28 26 26 20 
Fe 174 185 282 172 248 171 225 
Mn 22 22 23 27 25 21 53 
Zn 77 81 68 68 77 72 64 
1 Cottonseed cake samples from Luguru (LGR), Malampaka (MLP), Mhunze (MHZ), Morogoro 
(MOR), Shinyanga (SHY) and Uzogore (UZG); SBM = Soya bean meal. 
2 The analyses were performed at the National Laboratory for Agricultural Chemistry, Uppsala, 
Sweden. 
 
 
 
 
 
Table 3. Amino acid composition (g per 16 g N) of protein sources. 
Amino acid1 EAARGR2 
Protein source3 
URB DSM-P MOR-P KC SFC SBM 
Alanine   3.8 3.7 3.5 3.9 3.5 3.7 
Arginine 1.0 5.4 6.7 6.4 10.2 7.0 6.6 
Asparagine   10.6 9.8 9.4 7.3 7.3 9.2 
Cysteine   1.0 1.0 0.8 1.4 1.6 1.4 
Glutamine   13.7 14.9 14.1 20.3 17.2 15.2 
Glycine   3.7 3.7 3.4 4.1 4.7 3.7 
Histidine 2.1 2.6 2.4 2.7 1.7 2.0 2.3 
Isoleucine 3.9 4.0 3.7 3.5 3.1 3.5 3.9 
Leucine 4.5 7.2 6.7 6.4 5.7 5.3 6.4 
Lysine 5.4 6.2 5.9 5.6 3.9 2.7 5.3 
Methionine 3.0 1.1 1.4 1.2 1.2 1.9 1.3 
Phenylalanine 5.3 4.9 4.9 4.7 4.6 3.9 4.4 
Prolene   3.4 3.7 3.5 3.9 4.0 4.5 
Serine   5.8 4.8 4.5 5.1 3.9 4.8 
Threonine 3.1 4.1 3.5 3.3 2.6 3.0 3.6 
Tyrosine   2.5 2.4 2.3 2.2 1.6 2.9 
Valine 3.1 4.7 4.4 4.1 4.7 4.6 4.2 
1 The analysis was performed at the Biomedical Centre, Uppsala University, Sweden. 
2 EAARGR = essential amino acid requirements for growing rats, taken from Maynard et al 
(1979). 
3 URB = untoasted red beans; DSM-P = cowpea seeds from Dar-es-Salaam; MOR-P = cowpea 
seeds from Morogoro; KC = kapok expeller cake; SFC = sunflower expeller cake; SBM = Soya 
bean meal. 
Nutritional evaluation 
Except for the diet based on URB, diet consumption was good, and no refusals were noted 
during the collection period. The nutritive values of the protein sources and the rat diets are 
given in Table 4. The DOM and DE values of both the diets and their protein sources were 
estimated using difference calculations. 
 
 
 
 
Table 4. Weight gain of rats, and nutritive values of entire diets and their protein sources. 
  
Diet with protein source1 
F-value 2  
DSM-P MOR-P KC SFC SBM 
No. of animals 5 5 5 5 5   
Initial mean rat weight (g) 71.1 71.0 70.9 70.7 71.0 0.01 n.s 
(± s.d.)3 (4.1) (4.0) (3.4) (3.0) (4.1)   
Weight gain in 10days (g) 9.1b 12.8b 9.8b 11.5b 19.7a 11.7*** 
Protein quality4 
TD 72.0c 74.6d 81.2b 82.6b 89.4a 79.8*** 
BV 60.7b 61.5b 58.8b 58.8b 70.6a 11.5*** 
NPU 43.7b 46.0b 47.8b 48.5b 63.1a 29.2*** 
UCP 12.0b 14.0b 13.2b 13.4b 33.1a 248.4*** 
Digestibility of entire diets 
Organic matter (%) 92.2c 93.1c 79.5b 79.9b 95.4a 812.2*** 
Energy (%) 91.0c 92.0c 78.4b 77.6b 94.8a 883.7*** 
Digestible energy             
(MJ/kgDM) 16.0c 16.2c 14.0b 14.1b 16.7a 688.2*** 
DOM5 and DE5 for protein source after difference calculation 
Organic matter (%) 78.0a 78.3a 41.8b 44.2b 75.6a 370.5*** 
(± s.d.) (0.9) (1.0) (0.9) (1.2) (3.5)   
Digestible energy (MJ/kg DM) 13.7c 14.1c 9.5b 9.7b 12.9a 139.6*** 
(± s.d.) (0.2) (0.2) (0.5) (0.2) (0.7)   
1 DSM-P = cowpea seeds from Dar-es-Salaam; MOR-P = cowpea seeds from Morogoro; KC = 
kapok expeller cake; SFC = sunflower expeller cake; SBM = Soya bean meal.  
2 n.s. = not significant; *** = P<0.001. Means with different letters in the same row differ 
significantly (P<0.05).  
3 s.d. = standard deviation.  
4 TD = true digestibility of CP; BV = biological value; NPU = net protein utilisation; UCP = 
utilisable crude protein.  
5 DOM = digestibility of organic matter; DE = digestible energy. 
The true digestibility (TD) of SBM was higher than that of the Tanzanian protein sources. No 
differences in TD were found between SFC and KC, but these feedstuffs had significantly higher 
TDs than the two batches of cowpea seeds. 
The BV and, consequently, the NPU were highest for SBM, partly due to its better amino acid 
pattern, and probably partly due to the higher DE value of the diet in which it was incorporated, 
a result of the higher starch level. The differences in BV and NPU between the test protein 
sources were not significant. UCP values reflected the NPU values; however, the superior UCP 
value for SBM was due to its higher protein content. 
Soya bean meal and the two batches of cowpea seeds had markedly higher DOM and DE than 
SFC and KC. The values estimated for SBM after difference calculations were less precise than 
those for the other protein sources, as illustrated by the higher standard deviations (Table 4). 
This was probably due to the lower level of SBM incorporation required (20%) compared with 
the other proteins (30%). 
The weight gains of the rats reflected the NPU values, since the CP content of the diets was 
more limiting than the DE content. 
The experiment demonstrated considerable differences between SBM and the Tanzanian plant 
protein sources in content, digestibility and quality of CP. This had also been reported, among 
others, by Muindi and Hansen (1981), Muindi and Rundgren (1981), Muindi et al (1981) and 
Gohl (1975). The lower TD of SFC and KC compared with SBM was probably due to their 
higher crude fibre content. The markedly lower TD of the cowpea seeds may have been caused 
by protein inhibitors (Liener, 1975) and/or other antinutritive substances often found in 
leguminous seeds (FAO, 1967). 
The poor BV of SFC was due to the very low content of lysine, whereas for KC both the lysine 
and methionine and cysteine contents were limiting. The cowpea seeds had a rather high 
content of lysine and a poor methionine and cysteine content; a combination of SFC and 
cowpea seeds would therefore theoretically give a higher BV than the individual protein sources. 
Experimenting with pigs, Just (1975; 1982a, b, c, d) concluded that a high CF content in a 
feedstuff is associated with lower digestibilities of organic matter and CP. The low DOM and DE 
values of SFC and KC were thus probably related to the high CF content of these feedstuffs. 
However, the GE values of KC and SFC would have been even lower if it had not been for their 
relatively high ether extract content. 
The nutritive value of the leguminous seeds was superior to that of SFC and KC due to a higher 
digestibility of energy and a somewhat superior amino acid pattern, particularly lysine. It is also 
possible that the extremely high arginine content of KC could have been responsible for an 
amino acid imbalance, which reduced its biological value. However, the TD of crude protein of 
leguminous seeds was limited, probably due to the occurrence of antinutritive substances. 
Although tannins were not determined, the dark colour of the cowpea hulls indicates a high 
content, which also probably affected the TD of the seeds. Similarly, the tannin-related 
polyphenolics in SFC and KC could have contributed to the lower digestibility of protein and 
energy in these feeds. The nutritive values of the Tanzanian protein sources were in almost all 
respects inferior to that of soya bean meal. 
Acknowledgements 
The authors are grateful to the staff of the Department of Animal Nutrition and Management of 
the Swedish University of Agricultural Sciences, the Uyole Agricultural Centre (Tanzania), the 
Department of Animal Science of the Sokoine University of Agriculture, the Tanzania Bureau of 
Standards and the Tanzania Animal Feed Company for their assistance. The authors also wish 
to extend their gratitude to TALIRO of Tanzania and SAREC of Sweden for supporting this 
project. 
References 
Ahlstrom B. 1983. Estimation of metabolic and endogenous losses by N-balance experiments 
with rats. Department of Animal Husbandry, Feed Science Division, Swedish University of 
Agricultural Sciences, Uppsala. 
AOAC (Association of Official Analytical Chemists). 1980. Official methods of analysis. AOAC, 
Washington D.C. 
Austin R E. 1983. The availability of amino acids as an attribute of feeds. In: Feed information 
and animal production. Proceedings of the 2nd Symposium of INFIC, CAB, UK. p. 175. 
Batterham E S. 1979. Amino acid availability in pig diets with special reference to natural 
proteins and synthetic amino acids. In: W Haresign and D Lewis (eds), Recent advances in 
animal nutrition.Butterworths, London. p. 11. 
Church D C. 1984. Livestock feeds and feeding. 2nd ed. O & B Books Inc., Corvallis, Oregon. 
Eggum B O. 1973. A study of certain factors influencing protein utilization in rats and pigs. Ph.D. 
thesis, University of Copenhagen, Denmark. 
FAO (Food and Agriculture Organization). 1967. Poultry feeding in tropical and subtropical 
countries. FAO Agricultural Development Paper 82. FAO, Rome. 22 pp. 
French M H. 1941. Tanganyika Territory: Annual Report, Department of Veterinary Science and 
Animal Husbandry, Part 11, Research. Dar-es-Salaam. 
Gohl B. 1975. Tropical feeds. Animal Production and Health Division paper 98. FAO, Rome. 
Just A. 1975. Feed evaluation in pigs. World Rev. Anim. Prod.11. 
Just A. 1982a. The net energy value of balanced diets for growing pigs. Livestock Prod. Sci. 8: 
541–545. 
Just A. 1982b. The net energy value of crude (catabolized) protein for growth in pigs. Livestock 
Prod. Sci. 9: 349–360. 
Just A. 1982c. The net energy value of crude fat for growth in pigs. Livestock Prod. Sci. 9: 501-
509. 
Just A. 1982d. The influence of crude fibre from cereals on the net energy value of diets for 
growth in pigs. Livestock Prod. Sci. 9: 569-580. 
Liener I E. 1975. Endogenous toxic factors in oilseed residues. In: Proceedings of the 
conference on products of subtropical origin. Tropical Products Institute, London. p. 179. 
Mattson P. 1978. Crude protein determination in feedingstuffs: Some studies of extraction and 
hydrolysis methods. Statens Lantbrukskemiska Laboratorium, Uppsala. 
Maynard L A, Loosli J K, Hintz H F and Warner R G. 1979. Animal nutrition. 6th ed. McGraw-Hill 
Book Co., New York and London. 602 pp. 
McDonald P, Edwards R A and Greenhalgh J F D. 1981. Animal nutrition. 3rd ed. Longman, 
London and New York. 
Mellon T P A, Barnes B H and Greenwood-Barton L H. 1964. The importance of the amino acid 
content of feedingstuffs in East Africa. East Afr. Agric. For. J. 29: 237–242. 
Muindi P J and Hansen J F. 1981. Protein enrichment of cassava root meal by Trichoderma 
harzianum for animal feed. J. Sci. Food Agric. 32: 655–661. 
Muindi P J and Rundgren M. 1981. Investigation on the protein quality and alkaloid content 
of Lupinus albus cv. Kalina grown in Tanzania. Nutr. Rep. Int. 23: 391–399. 
Muindi P J, Thomke S and Hansen J F. 1981. Protein quality studies on rats fed on cassava 
root meal enriched with Cephalosporium eichhorniae 152 or conventional plant protein 
supplements. Anim. Feed Sci. Technol. 6: 197–208. 
Naik A H. 1969. Chemical composition of Tanzania feedstuffs. East Afr. Agric. For. J. 32: 201–
205. 
SAS (Statistical Analysis System) Institute Inc. 1982. SAS User's Guide. SAS Institute Inc., 
Cary, N.C., USA. 549 pp. 
Zainal J, Jalaludin S, Vijchulata P, Mahyuddin M D and Hutagalung R I. 1983. Nutrient 
availability and utilization of feedstuffs for farm animals. In: Feed Information and Animal 
Production.Proceedings of the 2nd Symposium of INFIC, CAB, UK. p. 497. 
  
Chemical composition and protein quality of Tanzanian 
cottonseed expeller cakes 
M. M. JAGADI*, M. RUNDGREN and R. B. OGLE 
Department of Animal Nutrition and Management 
Swedish University of Agricultural Sciences 
S-750 07 Uppsala, Sweden 
*Present address: Animal Diseases Research Institute, Temeke, P. O. Box 9254, Dar-
es-Salaam, Tanzania. 
Summary 
SAMPLES OF cottonseed expeller cake (CSC) from six different commercial oil mills in 
Tanzania were analysed for their crude protein, crude fibre, ether extract, minerals and amino 
acids. The biological value of the feeds was determined in an experiment with rats, using soya 
bean meal as a reference. 
The crude protein of the samples varied between 24 and 48%, crude fibre was 11 to 19% and 
ether extract 7 to 10%. The difference in amino acid composition per 16 g nitrogen was 
negligible, except for the sample from Morogoro which had low arginine, histidine and lysine 
contents. Rats fed a diet based on this protein retained nitrogen poorly and gained significantly 
less weight than rats in the other treatment groups. The protein quality of the cottonseed cakes 
was generally inferior to that of the soya bean meal. 
The experiment with rats demonstrated significant differences in the true digestibility, biological 
value, net protein utilisation and the utilisable crude protein of the CSC protein sources. These 
could be traced to differences in their amino acid profile. There were also noticeable differences 
in energy digestibility due to differences in the crude fibre content. 
Introduction 
The major raw materials used as protein sources in the Tanzanian animal feed industry are the 
oilseed residues of cotton, kapok, simsim, soya bean and sunflower. The cotton plant is grown 
mainly for cotton linters, while the others are grown primarily to produce oil for human 
consumption. The use of the oilseed residues as animal feed is incidental (Breslin, 1974; 
Church, 1984; Eggum, 1973; McDonald et al, 1981). Any expansion in CSC production will 
depend on the country's need for the primary products. At present, the Tanzanian Government 
favours increasing production of oil for human use and raw cotton for the domestic and export 
markets. 
The Tanzania Cotton Authority (TCA, 1985) reported that the country's production of seed 
cotton (consisting on average of 36% linters and 64% cottonseed by weight) in 1978/79, 
1982/83, 1983/84, and 1984 to early 1985 was 176, 128, 140 and 151 thousand tonnes 
respectively. TCA (1985) estimated that the cottonseed contained 40 to 50% of cottonseed hull 
and 8 to 10% of cottonseed oil. Using these proportions, the content of cottonseed residues has 
been estimated to be between 40 and 50%. 
If properly utilised, cottonseed residues could support a significant number of livestock in 
Tanzania. However, more information is needed on the nutritive value of cottonseed cake, 
which is affected by plant variety, geographical source, weather, processing conditions and 
levels of endogenous substances (Stansbury et al, 1956). 
The objective of this work was to determine the effects of area of origin and processing method 
on the chemical composition and protein quality of Tanzanian cottonseed expeller cakes. The 
cottonseed protein was determined using the nitrogen balance technique with growing rats. 
Materials and methods 
Materials 
Six samples of cottonseed (Gossypium spp) from which the oil was removed by expeller 
extraction were evaluated. The samples were obtained from six commercial oil mills in 
Tanzania: Luguru (LGR), Malampaka (MLP), Mhunze (MHZ), the Morogoro multipurpose oil 
processing company (MOR), Shinyanga (SHY) and Uzogore (UZG). 
Defatted soya bean meal (SBM) (Glycine max L.) was used as a reference. Starch, mineral and 
vitamin mixtures and soya bean oil were supplied by the Department of Animal Nutrition and 
Management of the Swedish University of Agricultural Sciences, Uppsala. The samples were 
ground in a Kamas mill to pass through a 1-mm screen. 
Diets 
Six diets, each containing one of the test protein sources, were formulated (Table 1; Jagadi et 
al, 1987). A seventh diet based on SBM was used as reference. 
 
 
 
 
 
 
 
 
 
 
Table 1. Formulation of experimental diets and daily amounts fed. 
  Diet with cottonseed cakes1 Diet with 
SBM1  
  LGR MLP MHZ MOR SHY UZG 
Diet (% DM) 
Protein source 20.1 19.5 22.9 38.9 20.5 21.9 17.9 
Soya bean oil 1.1 1.4 1.0 1.1 1.6 1.0 3.0 
Mineral mixture2 4.5 4.5 4.5 4.5 4.5 4.5 4.5 
Vitamin mixture 3 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
Maize starch 4 73.6 73.6 70.6 54.5 73.4 71.6 73.6 
Composition 
Dry matter(%) 89.1 88.6 88.8 90.4 89.0 89.2 89.2 
Ash (% of DM) 5.1 4.9 4.7 5.0 4.9 5.0 5.3 
Diet fed per day (g DM) 11.2 11.2 11.2 11.1 11.2 11.2 10.1 
1 Cottonseed cake samples from Luguru (LGR), Malampaka (MLP), Mhunze (MHZ), Morogoro 
(MOR), Shinyanga (SHY) and Uzogore (UZG); SBM = Soya bean meal. 
2 Based on the manufacturer's formulation, mineral mixture provided 6.4 g Ca, 4.0 g Cl, 0.41 g 
Mg, 5.4 g P, 4.65 g K, 2.0 g Na, 0.24 mg Co, 5.3 mg Cu, 15 mg I, 150 mg Fe, 54 mg Mn, 0.1 mg 
Se and 45 mg Zn per kg dietary DM. 
3 Based on the manufacturer's formulation, vitamin mixture provided 0.4 mg biotin, 2 g choline, 2 
mg folic acid, 0.1 g inositol, 0.05 g menadione, 0.05 g niacin, 0.1 para-aminobenzoic acid, 0.5 g 
pantothenic acid, 0.02 g riboflavin, 0.02 g thiamin, 0.01 g B6, 0.03 mg B12, 20 000 IU A, 0.01 g 
E and 2000 IU D3 per kg dietary DM. 
4 Maize starch = 88.2% DM; gross energy = 17.7 MJ/kg DM. 
Animals and experimental technique 
Thirty-three specific-pathogen-free Sprague Dawley male rats were used to determine the 
biological value of the feeds. Each of the CSC treatment groups was five rats, while the control 
diet was fed to only three rats. The animals were 26 days old at the beginning of the experiment 
and their weights did not differ significantly. The experimental technique used was described by 
Jagadi et al (1987). 
Results 
Chemical characterisation 
Except for the sample from Morogoro, the test protein sources had crude protein (CP) content 
exceeding 40% (Table 2). The low CP content (24%) of the MOR sample was due to its high 
crude fibre (CF) content. The MOR and SHY samples were considered to have been extracted 
more efficiently (ether extract of about 7%) than the other CSC samples which had ether extract 
values in the range of 8 to 10% (Table 2). The MOR sample had the lowest content of major 
elements, but trace elements did not differ markedly between samples (Table 2). Lysine and 
arginine varied greatly between samples and were the only limiting amino acids; the MOR 
sample had the lowest values (Table 3). 
Table 2. Proximate and chemical compositions of protein sources. 
  Protein source1 
  URB DSM-P MOR-P KC SFC SBM 
Proximate composition 
Dry matter (%) 89.6 89.7 88.9 93.1 93.3 88.8 
Ash (% DM) 3.9 4.4 3.8 6.5 3.7 5.3 
Crude fibre (% DM) 4.3 5.7 6.0 24.6 35.2 6.3 
Crude protein (% DM) 25.8 27.4 30.4 27.6 27.6 52.4 
Ether extract (% DM) 2.6 2.4 2.6 12.7 9.4 3.2 
Nitrogen-free extractives (% DM) 63.4 60.1 57.2 28.6 24.1 32.8 
Gross energy (MJ/kg DM) 17.5 17.7 17.5 17.6 17.6 19.9 
Major minerals (g/kg DM) 
Ca 1.7 1.1 1.1 4.5 2.3 3.4 
Mg 1.8 2.2 2.1 4.7 3.2 2.7 
P 4.6 4.9 4.7 8.6 6.2 6.5 
Trace elements (mg/kg DM) 
Co <1 <1 <1 <1 <1 <1 
Cu 9 7 7 33 24 20 
Fe 89 123 96 408 361 225 
Mn 16 14 18 18 30 53 
Zn 36 37 39 50 64 64 
1URB = untoasted red beans; DSM-P = cowpea seeds from Dar-es-Salaam; MOR-P = cowpea 
seeds from Morogoro; KC = kapok expeller cake; SFC = sunflower expeller cake; SBM = Soya 
bean meal. 
Table 3. Amino acid composition (g per 16 g N) of protein sources. 
Amino acid 
AA1 requirements of 
growing rat 
Cottonseed cake2 acid 
EAARGR3 BB4 LGR MLP MHZ MOR SHY UZG SBM2 
Alanine     3.8 3.6 3.7 3.7 3.6 3.8 3.7 
Arginine 1.0 11.1 11.2 10.7 10.8 8.1 10.7 10.8 6.6 
Asparagine     8.9 7.8 8.7 7.8 8.1 8.5 9.2 
Cysteine   2.2 1.7 1.7 1.6 1.6 1.7 1.8 1.4 
Glutamine     17.8 16.9 17.6 17.6 17.3 18.0 15.2 
Glycine   6.1 4.1 3.9 4.0 4.0 3.9 4.2 3.7 
Histidine 2.1 2.7 2.7 2.6 2.6 1.9 2.6 2.7 2.9 
Isoleucine 3.9 4.2 3.0 2.8 3.0 3.6 2.9 3.0 3.9 
Leucine 4.5 6.2 5.6 5.2 5.4 6.4 5.3 5.6 6.4 
Lysine 5.4 4.2 4.2 3.9 4.9 2.8 3.9 4.3 5.3 
Methionine 3.0 1.5 1.5 1.4 1.5 1.6 1.4 1.5 1.3 
Phenylalanine 5.3 5.3 5.1 4.9 5.0 3.9 4.9 5.2 4.4 
Prolene     3.8 3.5 3.7 3.6 3.5 3.9 4.5 
Serine     4.6 4.3 4.S 4.9 4.5 4.7 4.8 
Threonine 3.1 3.5 3.3 3.1 3.2 3.3 3.1 3.3 3.6 
Tyrosine   3.2 2.6 2.5 2.5 2.4 2.4 2.7 2.9 
Valine 3.1 5.0 4.3 4.1 4.2 4.8 4.1 4.3 4.2 
1 AA =amino acid. 
2 Cottonseed cake samples from Luguru (LGR), Malampaka (MLP), Mhunze (MHZ), Morogoro 
(MOR), Shinyanga (SHY) and Uzogore (UZG); SBM = soya bean meal.  
3 EAARGR = essential amino acid requirements of growing rats, taken from Maynard et al 
(1979).  
4 Calculated from data of Bolton and Blair (1977). 
Nutritive values 
The parameters used to express protein quality were true digestibility (TD) of crude protein, 
biological value (BV), net protein utilisation (NPU) and utilisable crude protein (UCP). The 
results of the experiment show that SBM had the highest nutritive values and the MOR sample 
the lowest (Table 4). TD differed significantly (P<0.001) between samples; the MOR sample had 
the lowest and the LGR sample the highest value. BV and, consequently, NPU also differed 
significantly (P<0.001); the MOR sample had the lowest and the LGR and UZG samples the 
highest values. The digestibility of organic matter of the samples varied between 55% (MOR) 
and 67% (LGR).  
Table 4. Weight gain of rats and nutritive values of entire diets and their protein sources. 
  Diet with cottonseed cake 
Diet with 
SBM1 
F-value2 
LGR MLP MHZ MOR SHY UZG 
No. of animals 5 5 5 5 5 5 3   
Initial weight (g) of 
rats 
69.6 69.4 69.5 69.4 68.3 69.7 70.1 0.1 n.s. 
(± s.d.3) (2.0) (2.5) (2.1) (3.1) (4.6) (4.3) (6.9)   
Weight gain (g) in 10 
days 
16.9cd 15.4c 14.1c 8.8a 18.4d 17.3cd 19.8b 18.9* * * 
Protein quality4 
TD 87.1cd 84.4d 80.1a 75.4b 86.3cd 86.6cd 89.2c 20.0*** 
(± s.d.) (1.4) (1.5) (3.4) (1.2) (3.4) (1.4) (1.4)   
BV 73.2bc 68.0b 70.9bc 58.3a 72.6bc 76.7c 79.7c 6.3*** 
NPU 63.7bc 57.4d 56.7d 44.0a 62.5cd 66.5bc 71.1b 12.8*** 
UCP 29.8d 27.7d 23.2a 10.6b 28.6d 28.5d 37.2c 56.3*** 
Digestibility of entire diets 
Organic matter (%) 93.1e 92.4de 88.6a 81.5b 92.5de 92.2d 95.7c 363.1*** 
Energy(%) 92.2d 91.3c 87.7a 80.0b 90.8c 90.7c   284.2*** 
Digestible energy 
(MJ/kg DM) 
16.3d 16.1c 15.4a 14.3b 16.4cd 16.2cd   256.0*** 
DOM5 and DE5 of protein sources after difference calculation 
Organic matter (%) 67.0de 62.0d 52.0a 55.0b 65.0e 66.0e 77.0c 46.8*** 
Digestible energy 
(MJ/kg DM) 
14.0c 12.7b 10.8a 10.8a 12.9b 14.0c   42.3*** 
1 Cottonseed cake samples from Luguru (LGR), Malampaka (MLP), Mhunze (MHZ), Morogoro 
(MOR), Shinyanga (SHY) and Uzogore (UZG); SBM = soya bean meal. 
2 *** = P<0.001; n.s. = not significant. 
Means with different letters in the same row differ significantly (P<0.05). 
3 s.d. = standard deviation. 
4 TD = true digestibility; B V = biological value; NPU = net protein utilisation; UCP = utilisable 
crude protein. 
5 DOM = digestible organic matter; DE = digestible energy. 
Rats fed a diet based on the MOR sample gained significantly less than those in the other 
treatment groups. The very low nutritive value of this diet was probably due to very low lysine 
and high fibre contents. 
Discussion 
Composition 
The CP content of the samples did not differ markedly, except for the MOR sample (Table 2). 
The relatively high CF content of this sample was probably due to mechanical problems in the 
Morogoro processing plant. The revolving blades that remove the short-fibre lint adhering to the 
seeds after ginning were old and wornout and left a high proportion of fibrous linters. Also, the 
pneumatic hull removal system in the decortication plant was not functioning properly, which 
could also have contributed to the high CF content in addition to leaving high levels of gossypol 
in the seed. 
Nutritive value 
The dietary energy digestibility of the different CSC samples appeared to be related to their CF 
content (Table 2). The high ranking of SBM was probably due to its better amino acid 
composition (Table 3). The low weight gain of rats fed MOR-CSC was probably due to a high 
CF and low lysine content (Table 4). A gossypol-lysine complex is known to form if excessive 
heat is applied to decorticated seed prior to oil extraction. Higher than normal temperatures from 
a malfunctioning steam cooker, which preheats the decorticated seeds to facilitate mechanical 
expression of the oil, could have caused the complex to form. The damage caused to the 
protein would have affected energy digestibility, which, in turn, could have further limited 
nitrogen retention by the rats. 
Since the analysed and calculated nutritive values of the MOR sample were considerably lower 
than those for the other samples, it may be worth investigating further whether this was due to 
an abnormally poor quality of a single batch, or whether the processing technique used in 
Morogoro consistently results in a low-quality product. 
Conclusion 
Tanzanian cottonseed expeller cakes differ significantly in protein quality; this can be traced to 
differences in amino acid composition. There were also noticeable differences in energy 
digestibility due to differences in crude fibre content. It was concluded that more information is 
needed on the effects of processing on the composition of these feedstuffs. A reliable method is 
also needed to determine their nutritive value for compound animal feeds. 
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